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SUMALVRY 

In 19(i."i, the Joint Qiicfs of Staff requested that the Secreta^* of Defense initiate research 
todeiermine the feasibility of destroying large areas of foresfor jungle growth by fire. Tests 
conchicted in Vietnam in 1965 and 196r) (Operations SHERy(x)D FOREST and HOT TIP) were 
inconclusive. A test series, code-named PIIJK ROSE, xJls conducted in 1967. 

Three targets, each 7 km on a side (app X)ximate/ 12,000 acres) were picked from rep- 
resentative jungle areas in War Zones C and I). Eac/area was double sprayed with honnone- 
type defoliant chemicals, and half of each area was/also sprayed with a contact herbicide. On 
the first two targets, ignition was effected by sadfrating the target with 72,000 M-74 incendi- 
ar>' bomblets. This ignition density was doutilofl on the third target. 



In no instance was an appreciable amoun 
Measurement of the moisture contents 
showed that leaves were being desiccate 



forest canopy removed by the resulting fires, 
of^ngle growth following application of defoliants 
acceptable levels, but that twigs retained suffi- 
cient moisture to prevent combustion. A'e conclude that current defoliant chemicals applied 
in the volumes and concentrations now h operational practice in Vietnam do not act as effec- 
tive desiccants. Successful removal /f Vietnamese jungle growth by fire wUl not be possible 
unless effective chemical desiccant^can be developed. 
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. ; : ;j . A.: ■ back(iu()i;nd 

The (irnsr w-Halion ciuiopies which are charucluristic of tropical forest areus provide 
eover;uui cnnee:ilnienl forihe movement ant i activities of enemy forces. Fo!lo\vin^»; an ribortiMl 
attempt (Operation SIIICRWOOD FOREST) on M March 196r) to bum tropical forest vej»etation 
at l^)i Loi WtxKi in Ta\ Ninh Province, Republic of Vietnam, -^CINCPAC requested that the 
Joint Cliiels of Siiiff expedite the development of tecliniques whereby lar^ie areas of tropical 
forest growth could be effectively destroyed, Tho Secretary of Defense was requested by the 
Joint ( hicfs of Staff in December 19(>5 to initiate a feasibility stud>' to determine techniques 
for chemically desiccalinj; vegetation and destroying tropical forests by fire. The request 
w as approved and active participation in this program by the Branch of Forest Fire Research. 
Forest Service, wah initiated by the Advanced Research Projects Agency on Deceml>er 20. 
1965, under ARPA Order No. 818 (Project EMOTE), 

The ARPA -Forest Service fire research program consisted of two parts: 

1. Phiisc 1 - the technical supi^ort of an operational field test (HOT TIP) contJucted 
by the irn»et1 forces in South Vietnam in 1966. 

2. Pha.^'» TI - the con«1uct of a Uiree-tt>-rive year research effort lU .si-ned lo de- 
scribe the chemical treatment and fiammaljility requirements of tropical forests 
so L)i;:t iorest vegetation might be operationally modified for incendiary attacks. 

The culmination of Phase I occurred on 11 March 19GG with the HOT TIP o|>erational 
trial of forest incendiarism on Chu Pong mounUiin in Pleiku Province. The Uiir;et selected 
was of mililan inti-rosl :uid inclucied an area of 21 square kilometers. Orange defoliant was 
sprayed over most of the area between J;muarv' 24 and February 6. This dr:* season herbi- 
cide application delayed the onset of desired tre;ament effects, since the vegetation was 
physiologically dorm:uU. Blue w:us applied on February 22 and 23 in an attempt to achieve 
ni;L\imum |KiSsible Ijel desiccation. 



lywu ix, v{ Nfuirali/ation of Vii'l Cong S.ift* Havens: .\ Pn»liminary Stud> (V) Tech. 
P:i{H r l^\('-TP-l^M. I'.Mi:., 71 p|). 



3 



Fig.l 

OPERATION SHERWOOD FOREST 
BOI LOI WOODS, TAY NINH PROVINCE 

31 March 1965 

e^ffxr r-r ' 



. rn 1 (i"> i on 11 March ID'iii. fifteen B-52 aircraft riropiwd 2.Vi M-:i'» int .-n- 
r-^ ..n ;.iru. t art^a. This i;;Tiition strike was followed after 14^0 by II napalm 
t!-,.^ I. A ;n.i sitlf of the lar-ct area. Many of the fire sets merged ;ui(« develojH-.l 

c Mva iti.-n t ohimn reaching to 22,000 feet. Flames did not carr>- through the tree 
^ .wcopt ;U ri.iu.'tops, nor were firestorm conditions pro«luced. hut the 17.5 percent 

nl ihp l.)n -t i ;uv>py was encouraging under the existing treatment conditions, 
r u-h the n <iiUs of MOT TIP on Chu Pong Mountain were inconclusive, information 
li ring thi- op, ration warranted additional testing. Follw*lng the evaluation of HOT 
so\i r:U o(H<r ition;a changes were recommended for forest lncendiar>' programs in 
i. m ini. lh> <i- tost plan charj;rs involved chemical treatment, ordnance require- 

-1 1 w«>;iU!<T rcjiii foments. 

«• . . . , irrted out In February 1966, at a site in the CentnU Highlands about 
;r , n. v-hu Pong test area. Fuel moisture measurements were made of the 
.1 «f. m ;i» treated at different times: 

V nrt- r -- Sprayed with Orange In late November 1965. 

Janu <n ir. a — Sprayed with Orange on 24 Januar>' l9«iG. 

. .n,.nts tn.m ih. >.. two areas indicated that the moisture content of twigs less than 1/2 
.|. :,m..u r rrm:un. dat relatively high levels following chemical treatment and that their 
r. o.mt. nt :i«iu:illv increase*! over time. The average noolsture content of all samples 
-Iree days in th.- November area was 85.9 percent; In the Januaty spray area the 
xvan M. » ix n. nt. Moisture contents of this magnitude indicated that the Internal 
tnuisj.H ni .n m stems «>f the vegetation wore still functioning foUmvlng chemical 
. nt. Thus. in..i.. th:u» haU of Uie fine fuels nwded to carr>- fire Into and through the 
■ inupy wiTo ton \srt tf* ljum. 



. V ,1 :il. F..p-.t Fire K.-soDroh. Fimil IU«|»rt. Pha.se I. Vol. I. U.qiur. monts for a 
. ,',| I). siP.Mi.,; Foro.st/.Junglo (;r.>wth by Fin-, Forest St-rvice. l'.S.D..\., :)lpp. . 
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Fig. 3 

(Low Moisture Content Samples Excluded) 
MOISTURE CONTENT OF DEFOLIATED VEGETATION 
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Fig 5 

MOISTURE CONTENT OF SMALL TWIGS REMAINED 
TOO HIGH TO PERMIT COMBUSTION FOLLOWING 
DRY SEASON CHEMICAL TREATMENT. 
OPERATION HOT TIP 

March 1966 
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In orcler to modify the moisture content (rf these critical stem and t\\ig fuel components, 
the new i:;uidclines wore prepared to insure the following changes in chemical treatment pro- 
cofiures lor forest incendiary' operations: 

1. An eax!y application of Orange or ^\llite while the plants are physiologically 
active (prior to the onset of the dry season) to defoliate the upper canopy. 

2. A repeat spray application approximately one month later with Orange or VMiite 
to penetrate lower canopy layers. 

3. A spray application of Blue, a contact desiccant, approximately 10 days prior 
to the strike date to desiccate those ground level species that were not suscep- 
tible to the hormone type chemicals. 

INCENDIARY ORDNANCE 

The ordnance plan for HOT TIP called for the mass ignition of the target area using 
closely spaced small fire sets. On the HOT TIP operation, the ignition pattern using M-35 
clusters was fairly satisfactoxy within a strip but spacing between strips was too great. 
Consequently, ordnance requirements were recommended to provide an increase in ignition 
density and a reduction in spacing between aircraft strips. The recommendation specified at 
least one ignition per 8000 square feet of forest area and a contiguous pattern of flight strips 
to insure saturation of the target. 

WEATHER REQUIREMENTS 

Moisture content sampling during HOT TIP indicated a more rapid dry ing response of 
leaf litter and attached dead leaves following a rain shower than was expected. These results 
|x»rmi;tod the easing of restrictions in the weather sptrcifications for burning tropical forest 
fuels. The HOT TIP specifications of 2 drying days being required after a light rain and 5 
<iay.s afli-r a hoa\7 rain were lovvored for PINK ROSE planning to 1 and 3 dr>ing days, respec- 
tivt'ly. A ljj;ht rain was redefined as one with less than .20 inch of rain instead of . 10 inch. 
Six ciiications for a drying day were: 

(1) No rain hxs [alli*n in the preceding 24 hours. 

(-) Minimum n.*laiiv#» humidity drops helovv 70 |H*rct»nt, 

(.J) Afternoon cloud cover is less than 3/8^ 
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INCENDIARIES TENDED TO CLUSTER IN STRIPS 

OPERATION HOT TIP. 

March 1966 

II 




SlUHET 

OPERATION PINK ROSE, 1967 

As a part of Phase EL of the ARPA sponsored Project EMOTE program, the Forest Serv- 
ice agreed to provide technical support to future forest incendiary operations. On 11 August 
19G6 CINCPAC approved the utilization of ARPA/Forest Service advisory services on Opera- 
tion PINK ROSE, a full scale field test to study the feasibility of neutralizing Viet Cong safe 
havens by fire. 

On 15-16 September 1966, two Forest Service representatives visited CINCPAC head- 
quarters to discuss the status at Operation PINK ROSE. The outcome of this meeting was an 
outline for the preparation of PINK ROSE test and evaluation plan. On3(» October to 8 Novem- 
ber 1966, a four-man Forest Service team worked in Saigon assisting tho PINK ROSE project 
officer in preparing the test plan (see Appendix I). 

Based on experience gained dkiring previous incendiary attacks, PINK ROSE was planned 
as a definitive test of the hypothesis ttiat tropical forest areas could be destroyed by fire uti- 
lizing only currently operational materials and techniques. 

Selection of PINK ROSE Targets 

Three tropical forest areas were selected for PINK ROSE incendiary tests in War Zones 
C and D. Areas A and B were located in War Zone C and Area C was located in War Zone D. 
Tlic coordinates of the areas were defined as follows: 

1. Area A - XT 5277 , 5284, 5984, 5977 

2. Area B - XT 0975» 0982, 1682. 1675 

3. Area C - YT 3441, 3448, 4148, 4141 

1 ho three areas selected ranged in fuel conditions from marginally light and paic^ i\rra B) 
t)j rough optimum density and distribution (Area A), to such heavy triple c»o* l*^r^ 
Miccessful desiccation appeared unlikely (Area C). 



CHEMICAL PIIETREATMENT 

The initial defoliant spraying was completed as rapidly as 
J . miliar spray ofwrations. Standard swaths were applied, each <>.i X .: * 




Fig. 7 

OPERATION PINK ROSE 

January-April 1967 




Fig 8B 



AREA A FUEL: 
DOUBLE CANOPY WiTH CLLARiNCb 

^5 
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Fig. 9B 

AREA B FUEL: PATCHY SECOND GROWTH 
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Fig. lOB 

AREA C FUELS: HEAVY TRIPLE CANOPY 
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• u h >uaih W\^il^h across one of the test areas, ^ For. each aircraft sortie, only 400 uail*)ns 
ri\ consiJereti as delivered within the area. Thus, the data for the first treatment (.^ee 
i rTu' I) niav show slightly less than the herbicide rate actually applied. 

The sect)nd si)ray treatment was done as a special job with all the spray material applied 
uiihin the 7 Km. -square areas. Width of swath was reduced and spray discharge was adjusted 
so that each sortie covered 3 swaths across an area — a total of 21 Kms. per sortie. 

The third spray was applied Li a similar manner on one half of each area. 

The initial spraying of Area A was completed on 5 December, with most of the acreage 
sprayed during the last half of November. Area B was sprayed over i 3-month period ending 
19 December. Area C was sprayed mainly in November, ending 27 November. 

The second spraying was done on all three areas about one month later, between Decem- 
Ix r 16 and 29. 

The third spray was applied 5 January on one area and between 16 and 21 January on the 
other two areas. 

The initial spraying on each area was dene with either Orange -^or N^liite. -^depending 
on the chemical supply available when each mission was flown. After 15 November, all of the 
spray on Area A was Orange and much of Area C was sprayed with Orange, but White and 
onuige were used in about equal amounts on Area B. All of the second spray on Areas A and 
C was Orange, and all on Area B was Wliite. Blue-^was used in the third spray on half of 
t*ach area. 



'>()' n-hutyl ester of 2,4-dlchlorophenoxyacetic acid 
"•(>', n-hutyl ester of 2,4,5-trichlorophenoxyacetic acid 

2/ (Tordon 101) 

4-amino-3, 5, ri-trichloropicolinic acid as the triisopropanolamine salt. 
70 2,4-dichlorophenoyacetic acid as the triisopro|xinoIamine salt. 

- iil'.'il ^Itiytar 160) 

^7 'limi lhylarsinic acid as sodium cacfKfylate 
I .; 'iuTi' lhy larsinic acid 
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Fig. 11 

DEFOLIANT SPRAY OPERATION OVER 
PINK ROSE TARGET AREA A. 
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l abli 1 . Herhicide Trt\itnicnts,on Areas A, fi, and C 

Area 



I t* inui-ni Date Ilor<)icido 



A n c 



gallons applied on area 

>'i»>t Srpt. 21-29 Unknown 3,600 

3,200 

1 , 600 1 , 600 

1,600 4,000 
3,600 4,000 
1,200 10,000 
4,200 

3,000 13,200 
3,200 1,200 
1,600 
6,300 





24-29 


ITnknnivvii 




Oel. 


7-10 


Unknown 




IX I. 


I ^-30 


UTiitc 


3, 200 


<>et. 


1 H.;lO 


Oranl^o 




Nov. 


I-IT) 


WTiite 


5,600 


Nov. 


1-1 :> 


Orange 




Nov , 


16-27 




4,400 


Nov. 


16-27 


Orange 


12,800 


Nov. 


16-27 


Boti 






5-9 


>Wiite 


1,600 




11-19 


Orange 



Third Jan. 5-7 Blue 

^an. 16-lH Blue 14,200 

'»an. 19-21 Blue 23,700 



TOTAL 27,800 33,100 34,000 

Per Acre 2.30 2.73 2.81 

St'tond IVc, 16 Orange 12,600 

iXc. 26-30 Wliile 28,800 

26-30 Orange 23,400 9.900 



TOTAL 23,400 28,800 22,500 

Per Acre 1,93 2.38 1.86 



10,800 



TOTAL 14.200 23,700 1 0,800 

P^r Acre 1.95Jy 3.91-2/ I.IhI/ 



\j \\\ku^ w is .i|i|»H«mI on alnKjl 0.6 of the total acreage in Area A, making an average rate of 
appniximal( h I . , lb, /a on the west »idi» ij( the area. 

Jy filur Ns .i.H apphrd on the Houth half of Area H. hut much of the first swaths drifted to the 

>.HJth off ih<' ..r« ::. Actual overage rate on the area is not known hut Is much helcnv the 

i.^M l»is. a. 

u.i^ ipphiH iIm- .south half of Area C at about J.7H lbs. /a. 
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I lit- M-:;.i !ni c'=M}i.h'\ (']u>um' B»>mi)\\as t-hostMi tor the PINK H» »SF: ijit « fi^li.n v aiiacks. 

1 V. A* i^iis ennuis mv\ ci»nlains a clit!>ter ol r»7 M 71. \1 bumblrts. K:irli Umifjlt-l 

. *r.;;nr;'- >.7." M,i;r..:r o| PT 1 inc«Mviiarv fillin;:. The liomb cluster was to »>jK ii at :m 

li.ivj'N- til a;vjMo\iinatel; "itMio icet. IM:uis for iunilion ol PINK ROSK targets rall-d lor a i)-:*2 
-ir iki «»| ::u airrr:iJt. each earning 42 M-:5.'> Incen(Har>- Cluster lioinbs. LsL'iii this ignition 
i . Hit-, one ii-."»Jj.r >\i(U'N approximately one ignition source lor eachOJDO stjuan* fi^ia lhn)u:Ji- 

Mit I ' atu»rn 7on tr<*t wide l>v 21.000 feet loni:. The total B-r>2 strike wouhi saturate :ui area 
2I.<Mn» leei on a sitk* with 72.000 individual iiinition scxirces. Avenige spacing IxHwi.'en ijmi- 
iMn ;K)ims v.;ls caU'iilated to l)c ^3 feet. 

I INK HOSK I, AUi:.\ C, 1^ JANl'AUY 10G7 

PINK ROSK T ir^ei C, 4r> miles northeast of Sai;;on in War ZoneD, wxs ignited as pLmned 
on Jiinuan VM\Z . The target box was situated just north of tlie DonK Nai Rivrr. A sm:iller 
stn':un firained the eastern half of the target and a north -south road bisecto<Uhe area. An 
alnuidoned air -trip wa.'^ !ocate<l on the north e<!>ie of Area C. The vegetation was eharacter- 
i/etl »>\ a i?»'n -e ;ri.»l»' canopy tn^pical fon»st. Several swamps ;in«! clearinu^s wen- scattered 
Uirouiihoul the i.;n:ei. The to|)onraphy In the areawas flat and the elevation was appro-ximate- 
l\ i:.0 feet. 

<)n \^ Jar.uan Ij/'m . atmos|>lieric conditions for burning fon^st fuels were generally un- 
i:?VMraIjli', I'he .lii ' ;ls cool, moist ;ind stable; characteristic of |>erio<!ic lulls in the winter 
?v»ii]ie »>t nion>«H»n. All SutUi VieUiajTi was under the influence of the soulJiern i)ortion «»f the 
.SiiM^n.m ni;:h. 1.«»nv level winds were lluhl :md northerly up thmu^^h the ijradieni ^vind level. 
S>nt!H a>ir riv Mow I vmi the *^.>o nib throup:h the ."V<»0 mb levels on Januar>- l7lJi lH»e;une nmeh 
inf»n' pp»nounri d tin thi* Isih u itJi the deveUipment <rf a sinmg anticyclone north of the Philip- 
f-^ ui Un upiH-r •.'•ve!s. thniuuh 2cm) millibars. This n^latively stnmn ;uid deep siKUlieast- 
« v\\ fi .v ^.1* n .MH,n->i'iIe lor the a«l\ection <•! considerable moisture ;it all levels. 

Www Hmu. lot 111 d aliout !.'» miles S4)Uthe;ist ol target C\ was llie nean-^l weather st ili<»n 
t ' i?:<* t.ir j t in a. I'li^uiv 11 iJjiisi rates the values <if sevenU nnMcM»rt>l<>i,it :d .\iranicicrs al 
i I.S l hir lijt n II. )a si;Uion I nun ITi .J:muar> lhn>u;;h 21 J;muary 1JH,7. FiLiure ! • shtm < 
:. ' •::ii! T!.il I n fid «.m \ ^ lajitiiin . U»c dav.of the strike. 



23 



SBKET 



/ 



c c 

4 ( 



0 w 



\ 



1800' 



22,960* • 



A f DISTANCE BETWEEN ACFT.656' 
i I DISTANCE BETWEEN DPrS.1968' 



C I OVERLAP COVERAGE BET. ACFT.44' 

D I TRAIN lENGTHS.flANNED: 19,360* 
ACTUAL 1 19,350* 

i I BRIC SETTING.450' 



^ A ▲ ▲ ▲ ▲ A^ — ^ 



o 



+ ^ ♦ ♦ ♦ +A^ ^ ^ 



Fig. 12 

INCENDIARY STRIKE PATTERN FOR 
OPERATION PINK ROSE 
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Fig. 13 

PINK ROSE TARGET AREA C 
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Fig. 14 

BIEN HOA 2PM WEATHER 

7-31 January, 1967 
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BIEN HOA 

18 January 1967 

Hourly Temperature, 
Dew Point and Relative Humidity 
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Fig. 15 



i nran si si;iiion l;ikinji upiK^r air soundings wasTay Ninli, some miles to the Noitli- 
■ t si oi Tar-Li C. These soundintis show a significant increase in moisture aloll lx?-inning on 
liir ITih :um\ conlinuini; through the 24th. At 1400 on the I8th the sounding shows a rle^p in- 
viM >ion I rnm to 4s(»() feet. The sky was completely overcast in the vicinity oi die Uir^vi 
:in a with a layer of clouds at 2500 feet and a second broken layer at 10,000 ft. Virga was 
Pivvaleni in the vicinity of the target area. The FAC pilot reported light rain on his aire rait 
ul 1427, seventeen minutes after the strike began. The stnke began at 1410 and ended at 
144>i. Ten B-52 passes of three planes per pass effectively delivered all ordnance during the 
o^i minute strike period. The strips were flown from east to west, starting at the south end 
ol Uie target ba\ and working north. As judged from post-strike m imagery, the ordnance 
(Jrop and ignition pattern were excellent. 

As the incendiar>' strike progressed, the smoke spread in a shallow layer to the south- 
west under the influence of the surface winds. The low inversion prevented significant con- 
vection and kept the smoke trapped below 3000 feet. Aerial observers noted occasional brief 
surges where small convection columns formed over hot spots and rose to 4000 ft. or higher, 
l)ut these lasted only a few minutes, and at no time 'vas the column significant enough to be 
detectable by radar. 

Although at least thr*»e secondary explosions were documented during the strike, fire 
spread was negligible except in the northwest comer of the target where fires started in the 
hi-h grass of the abandoned landing strip and spread for several hundred feet into the adjoin- 
ing forest. 

Fuel removal as calculated from the convective heat release amounted to 550 pounds \ycr 
acre or less than 2^. of the potentially available fuel. 

At 0715 on 19 J:inuary. an evaluation team moved in by helicopt'^r to assess the effects of 
t)io i)n vious day's raid. The only available landing zone was in a swamp in the west central 
ixMiion of the t »rget area. Although conditioPw were excellent for observing the pattern ;uid 
lirhavjor of tJie ordnance, and the relative effectiveness of the chemical pretreatment. the 
> irv«'v site uus too far removed from the northwest comer of fire activity for meaningiul ob- 
M rvations of fin* behavior to be obtainable. The complete post strike evaluation reix)rl is 
-h'>Vvn :is .\f)pen<IL\ JI-A. 
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Fig. 17 

FIRST STRIKE 
PINK ROSE TARGET C 

1410 Hours. 18 Jan.. 1967 
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Fig. 20 

FIRE SPREADING FROM ABANDONED LANDING STRIP 

PINK ROSE TARGET C 



18 January 1967 
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Fig. 21 

ROUTE OF POST STRIKE SURVEY PARTY 
PINK ROSE TARGET C 

0745 0915 Hours. 19 January 1967 




Fig. 22 

M-74 CASING RECOVERED BY 
POST STRIKE SURVEY PARTY 
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PINK HiKSF 11, AKFA A, 2S JANUARY lOfil^v'-,^''^^^^^^^ 

\n?a A is located abiwl 4 miles south of the Cambodian border and 12 miles southwest of 
All Loc. Two trilxitaries of the SaiRon River, Rach Trau and Cha Va, drain |x>rtions of the 
larmn art a. The vegetation consisted of adouble canopy forest stand with interspersed grass 
iiiMs and clearin>;s. Bomb craters from a B-52 strike in late 1966 were observed in Area A. 
The lopijgraphy was flat and the elevation of the area v/as approximately 160 feet. 

Area A w as iimited at 1405 LSTon 2b January 1967 under nearly ideal atmospheric condi- 
tions. The northeast monsoon flow was well established. No rain had fallen for several days 
and the dead fuels were well dried after having been exix>8ed to strong solar radiation and 
relatively warm surface temperatures. 

Under the influence of the Siberian High with a flat pressure pattern. South Vietnam and 
target A were exposed to a well defined norti;east monsoon flow from the gradient wind level 
up to 300 mbs. A strong anticyclone was oriented over the north bidochinese peninsula on 27 
and 28 Januar>\ The atmosphere was moderately unstable at TOT on the 28lh due primarily 
to surface heating and dry air aloft. 

Tay Ninh, located about 25 statute miles southwest oC Target A was the nearest regular 
reporting st;aion in the target vicinity. 

Tay Ninh's surface weather for the week of 25-31 January is shown tn Figure 24; the di- 
urnal trend for 28 January is shown in Figure 25; and the 1400 sounding is shown in Figure 
2<i. Note that, in contrast to the weather during the •trike on area C, weather conditions be- 
come more favorable for burning as the strike progresses. Cloud cover was 2/10 or less 
throughout the raid. Weather during this strike was as nearly ideal for incendiary* operations 
OS cikix Ijc exix'cteil in South Vietnam. 

Thv Art\i A strike used the same ordnance and delivery pattern as the 18 Januarys raid on 
\n»:i C. The last Ixjmb was dropped at 1443. less than 40 minutes from the start of the strike. 
Auain. dt Iiver>* was on target and well within programmed time limits. 

The initial smoke buildup was quite impressive even though flaming combustion w;us ob- 
>i rvnl «mly in the open jirass fields and in the timliered margins around o|X'nings. Post- 
>inL«' color |)hoi<i;;rui)hy and ai-ri:\l reconnaissance flights Indicated tliat the comlxjsiit>n i>f 
lui Is in tin nL;;'s was fairly Cw;nplete. Kven such large do\\n fuels as uprooteii tn m s wx rv 
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: . .« 1 ;i) a uhiMash. This evidence of efficient burning can probal)ly be altrilmitMi Ui the 
: II. riivr (Inini; of fuels e.\i>ose(J to direct solar radiation in clearings and clearini- ed^es, 

S»H'twnlan explosions within the target area were noted by aeria] observers during the 
irn.'t ndi:ir\ attack. These secondaries were distinguished from the burning of the natural fuels 
by their accelerated rates of combustion. The FAC pilot on Area A reported 15 secondary* 
♦ xplusions during the course of the raid. 

The rate of tximing in these areas where fuels did support active combustion was con- 
siderably greater than on similar sites in Area C. The burning of clearings and edges on 
Area A was characterized by pronounced con vective activity and the production oC dense, black 
smoke. The appearance of this snK>ke was in marked cont^^t to the grayish -white background 
smoke evolved from the low intensity smoldering fires beneath the main forest canopy. Suf- 
ficient energ>' was generated throughout the target box to create indraft winds. Smoke was 
<lrd\v-n into the main convection column by these winds from all points on the fire perimeter. 
The convection column soon developed to a height of 4000 feet and was picked up by the Tan 
S<»n Nhut nidar within 7 minutes of the initial strike. The maximum height of the convection 
column (10,000 ft. by radar check) was reajched at 1445, just after the strike ended. The fire 
<lied out ver>' quickly. By 1457 the colunui t<^ was dowi to 8000 feet and convective activity 
was ess<'ntially completed by 1530. 

A post strike ground reconnaissance mission was scheduled for 0800 on 29 Januar>\ 
However, int«»nso ground fire from the vicinity of the only possible landing zones precluded 
din»ct ground observations. Low level aerial observations Indicated that cro\^Ti removal had 
fx*en minimal, and that fire activity had been confined to clearings. The complete pt>st strike 
evaluation report is shown as ap|)endix n-B. 

Two photo strips were flown in Area A on 30 January on an cast -west flight pattern in the 
north half of 't>e target. These strips covered approximately 2200 acres, or 18,2 percent of 
the area. All nxM>gni/able burned areas larger than one half acre were mapped. Some areas 
<il litt« r»>um under dense canopy could have been missed. The remaining vegetation cover on 
ihi' l>um<Ml an»a.s wxs compared with the cover on the same areas on the pre-strike black and 
Ahitr photographs. The results are shoun as Table 2. The jjhoto comparison comhtions wen* 
( Ll.^^ d as follows: 
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Fig. 23 

PINK ROSE TARGET AREA A 



SECRCT 
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SfiGfTET 

FTg. 24 

TAY NINH 2PM WEATHER 

7-31 January, 1967 

TEMP RELATIVE PRECIP CLOUD 
DATE (T) HUMIDITY(%) (In.) C0VER(8ths) 



' 88 55 6+ 

8 87 49 6+ 

9 90 44 1-3 
10 88 47 1-3 
" 85 51 3-5 

12 84 49 6+ 

13 86 43 3-5 

14 85 42 3-5 

15 81 50 6+ 

16 74 49 6+ 

17 79 50 6+ 

18 79 54 T 6+ 

19 81 58 .01 6+ 

20 83 51 6-H 

21 86 49 6+ 

22 90 48 3-5 

23 92 38 .76 6+ 

24 88 55 6> 

25 86 63 1-3 

26 90 45 3-5 

27 88 59 6+ 

28 90 40 1-3 

29 88 59 3-5 

30 90 56 3-5 

31 86 59 1-3 
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TAY NINH 

28 January 1967 

Hourly Temperature, 
Dew Point and Relative Humidity 



J — I I « ' ' ' 



J L 



J I I 



06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 

HOURS (Lucal Time) 

Fig. 25 
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Fig 27A 

FIRST STRIKE: PINK ROSE TARGET A 

1405 Hours 28 Jan.. 1967 (Note light cloud coven 
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Fig 27B 

THIRD STRIKE LINE OVER PINK ROSE TARGET A 

1416Hours28 Jan.. 1967 
(Convection column from first 2 strikes is located 
in lower left corner of figure) 




Fig 28 

FIRES BURNED HOT IN CLEARINGS 
(NOTE RESIDUAL WHITE ASH) 



CvRLf 



4 4 



NiMr!\ CDinplcio rrmoval of 



!!'>l pnxmd fire; partial reduc- 
tion of tree canop}^; probably 
heavy scorching of canop>\ 
Li^t gr^iund fire; little or no 
canopy reduction; possible 
scorching <^ canopy. 



Pro-Sirike Vou<^tJti«)n T^ix* 

A, Low, secondary vegetation (under 15 feet 
high» mainly under 5 feet) having a ver> 
open tree canopy. 

B. Other secondary vegetation with open to 
semi-dense forest canop>% 

A. Low 8ecoQdax>- vegetation, with very open 
tree canopy. 

Open to dense forest caDop> ; but mainly open. 
A. Low secondary vegetation « with very open 
tree canopy. 



Open« semi-dense* or dense forest canopy. 

Results of the comparison showed that only 7.5 percent of the total area of the post -strike 
phoiu sample was altered by fire (See Table 2). 



Table 2. Percent (if Tropical Forest Modification by Incendiary Attack* Area A» 
2H January 19G7. (Based on Pre-8irike Black and White and Post-Strike 
Ektachrome Aerial Photo Coverage of 18.2 Percent of the Total Target) 



Atrial l^oto Degree of 



Percent of vegetation burned 
by vegetation type 



Strtp 


Burn 


A 




B 




Total 








Acres 


1 


Acre* 


a 


Acres 


« 


North 


1 


52.4 




3.7 




56.1 




S<»uth 


1 


27.6 




0 




27.6 




Hoih 


1 


80.0 


3.6 


3,7 


0.2 


83.7 


3.8 


North 


2 


5.? 




28.6 




34.3 




<.mth 


2 


21. 




4.5 




26.0 




HoUl 


2 


27.2 


1.2 


33. 1 


1.5 


60.3 


2.7 


North 


3 


e.3 




6.9 




13.2 




Si Hit h 


3 


0 




8.2 




8.2 






3 


«.3 


0.3 


15.1 


0.7 


21.4 


1.0 






II ;»..*» 


.•».! 


51.9 


2.4 


l(>5. 1 
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CONVECTION COLUMN DEVEI FOMENT 
PINK ROSE TARGET A 

28 January 1967 
*M"rnrT 




Fig. 30 

EXAMPLE OF PHOTOGRAPHIC CLASSIFICATION 
OF BURNED AREAS. PINK ROSE TARGET A. 



; 1 rr r„.\.ii as c:iiculat«MJ from measurements .of -con vective activity amounted to 2 :> 
: v.- iH T aciv or nl>out l.V. of tJie total available fuel, this figure agrees well with the esti- 
r.it. s ma.io .hiring the 29 J:uiuar>- obsenation flights, but is twice that determine*! from the 

.-;L:r.p!f photography . 



PINK ROSE m - AREA B, 4 APRIL 1967 

Area B is located in War Zone C, about 4 mUes from the Cambodian border and 16 mUes 
nonh-northwcst of Tay Ninh. The confluence of two smaU streams, Ky and May, near the 
northern center of the target box forms the Ben Da River. National Route 22 between Tay 
Ninh and the Cambodian border cuts across the southwest comer of the target area. Highway 
247 wtich runs nearly east-west forms the southera boundary of the target. The vegetation 
on the area was comprised of a fairty dense stand of secondary growth with a patchy mature 
overstor>'. Except along the banks of the Ben Da, the Urget was comparable in species com- 
position and cover density to research site TBNW (described later in this report). The to- 
pir^rapby was flat and the elevation was approximately 60 feet. 

The incendiary raid on Area B began ai 1400 LST on 4 April 1967. Weather conditions 
were less tLan ideal, but more favorable than those encountered during PINK ROSE I. The 
week preceding the strike was typical of the transition period between the dry northeast mon- 
soon and the wet southwest monsoon. 

A low pressure center over northern Indochina was already apparent from the surface 
throuuh the HfiO millibar level, and accounted for the southwesterly flow over the southern 
hall of South Vietnam. This southwesterly flow 'vis supported by anticyclonic streamline 
Mow from a center located just atl the South Vietnamese coast, which at times during the week 
uas l.KaU'd as far ea«i as the PhUippines. The two flows caused the development of a cun- 
\< ix<-ncv /.rtie over the mainland intermittently during the period. Recorded rain fcU only on 
th. irrl of April at Hien lloa. No other moisture was noted other than fog at many stationH in 
N.uili \ 1. uiam Owt not in the target area) on the mornings of 2 and 4 Apr'l. 

On th.- morning <»f Ui« strike, the sky over the target was cuveriMi with a double el.*id 
I ■ < r: soli.l stratus at :jr,oo feet and broken altostratus at 7000 feet. By l.Too the altostratus 
1. I.! -li si|,:,i...i ;in«( loi .il thrrmal convection hail broken the strahis to f«im» a 7/10 cover ..| 
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Fig. 31 

PINK ROSE TARGET AREA B 



ii Kismiilus Willi bases :u;;^oofcel ;ind lops al»ut4200 feet. This persistent morning over- 
i wouM si^niiicanily n^lard dew eva|)oration. and fiiel moistures were undoubtecUy higher 
.a TnT Ui:ui woul<l Ik* cxiwcted considering only temperature and relative humidity. Tay 
Ninh's surlace weather for 1-5 April is shown in Fipire 32. 

Tho Tay Ninh upix>r air sounding station is only 10 miles south of the target. The noon 
soujuling showed that con(Utions were considerably more unstable than on the previous two 
strikes. The le\cl of free convection was only 8200 feet and the surface free convective 
lcm|K»rature was Od°T ^ cmly six degrees above ambient at TOT. 

For this strike, the B*52 force was reduced to fifteen aircraft, and the target box was 
compressed to 2300 acres to provide a nominal incendiary spacing of 52 feet (80 feet was the 
nominal spacing on the first two strikes). Compressing the target box permitted a strike force 
redeployment such that all bombs were released within 12 minutes. As in both previous 
strikes, bombing accuracy was excellent. 

Ik^cause of the higher fuel moistures and lack of solar radiation, fire buildup was notice- 
ably slower than that on the 18 January raid on Area A. For the first 20 minutes practically 
nothing bumt*d exceivt the incendiaries. Fires did eventually spread, however, and by 1445 
tho convection column had broken through the cloud layer and topped JUt at 5000 feet. RUes 
of spread were determined from sequential infrared imageiy. During the maximum builAip 
pi rioil (1121 to 1 44r» hours) the rate of fire spread in clearings ranged from 2.4 to 4.7 linear 
ftvt iH^r minute, about \^hat one would predict for hardwood forest types in the U.S. under 
similar circumslanceB. From 1445 to 1515 hours, spread was drastically reduced as the 
initially ignitiHi spots liumod out to leave thin rings of burning litter. As in previous strikes. 
lin\s tlien diini out quickly and were confined to a few scattered areas by 1530. 

In Uu* ensuing hour, an extremely intereKting and rarely documented phenomenon occur- 
ii^i. AlihcKi;h all major fire activity had ceased, the accumulated heat finally inished surface 
t4Hi|M ralun^s alxne the fre€» omvective levc. A towering cumulus deveUnHnl over the target 
uk! n ai hrd im elevation of 43,000 to :*0.tM)U teet.-^ind more than 1/2 inch of rain fell on the 



;y 1 1h r * siimaic is i.ikrn ln)m ihv Tay Ninh sountiing, the upiH»r estimate fn>!n aircnifl 

t,h < r\;iti'>ns. Lp.lortunatfly no ruilur observations wen* otitaiiunl. 
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TEMP RELATIVE PRECIP CLOUD 

DATE TF) HUMID1TY(%) (IN.) C0VER(8ths) 

1 95 42 0 1-3 

2 99 37 0 1-3 

3 97 42 0 1-3 

4 93 51 0 6+ 

5 93 51 0 3-5 

TAY NINH 2PM WEATHER 

1-5 April, 1967 

Fig. 32 
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Fig. 34 

INITIAL FIRE BUILD UP ON PINK ROSE TARGET B 

1415 Hours 4 April. 1967 
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Fig. 35 

SOUTHWEST CORNER OF PINK ROSE TARGET B 

1440 Hours 4 ApriMSG? 
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C. 1515 Hours 



Fig. 36 

INFRARED IMAGERY OF PINK ROSE TARGET B 

4 April 1967 
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i.ir:j:ot area before the damage assessment party entered the next morning* Neither towerinK 
cumulus nor rain were reported from any other stations within 125 miles of the target area. 

Although this event qualifies as a txue 'Yirestorm/* it should be emphasized that this fire- 
induced rainstorm in no way affected the course of the fire nor the damage produced, since 
the fire was essentially over before rain fell. 

Groimd reconnaissance on 5 April showed that the results « like the weather, were inter- 
mediate between those of the first two PINK ROSE tests. Dead logs and snags burned well. 
Fire had spread for appreciable distances in the surface litter. Clearings burned, and some 
trees at the edges of clearings were burned. But fire did not spread into ttie forest crowns 
and the effective increase in vertical visibflity was negligible. Because of the 'Virestorm" it 
was not possible to use convection colucan sounding data to compute fuel removal. 

Stem and twig samples taken from defoliated trees and vines showed that the maximum 
depth of char was 0. 17 inches. These samples were collected immediately adjacent to loca- 
tions where downed logs and snags up to 9 inches in diameter had completely burned through. 
This is taken as additional evidence that chemical defoliants are not acting as effective des- 
iccants. 
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Fig. 37 

FIRE INDUCED RAIN FOUND IN M SB CANISTER 

PINK ROSE TARGET B 

5 April 1967 
SE«ET 



DEAD LOGS BURNED TO ASHES 




Fig. 38 



Fig. 39 



ALTHOUGH GROUND LITTER BURNED, 
THE FOREST DID NOT. 
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RESEARCH SUPPORT 

Behvoon 9 J:inuar>' 1967 and 1 March 1967, a 5-man fire resear.?h team was det.iilcd to 
the WWW Rcso;irch and Development Field Unit in Vietnam in siqjport of Oi^eration PINK 
ROSE, The team consisted of an infrared reconnaissance expert, a fire weather mctcorolo- 
^;ist, a fuels specialist, a fire behavior specialist, and an herbicide specialist. The team 
assisted in the interpretation of weather data, provided advisory services as requested by the 
Project Officer, collected data to document the effects of the incendiary attacks, and investi- 
gated the flammability properties of trqpical forest fuels on a defoliated area near Trai Bi 

e 

Special Forces Camp south of Area B« 

Trai Bi is located 5-1/2 kilometers south of PINK ROSE AreaB. Fuel sampling was con- 
ducted during January and February 1967. One sampling area (Trai Bi North-TBN) was 
located 2-1/2 kilometers north of Trai Bi on the east side of National Route 22. The other 
area (Trai Bi Northwest-TBN>\') was located approximately 1 kilometer northwest of Trai B<, 
Both areas received a single spray treatment, TBN was sprayed with Orange in September 
and TBNW was grayed with Orange in November or December. Data from rwchhand spray 
crows indicated two missed spray strips in the TBNW area. 

The vegetation at Trai Bi was quite comparable to the forest stands observed during 
flights over area B. The general vicinity was characterized by vegetation that was somewhat 
sparse in comparison with most Vietnamese fuels. This was in contrast to the more optimum 
fuel distribution in Area A and the dense triple canopy forest in Area C. 

The vegetation at the TBN site was essentially a single can<^ stand with scattered over- 
story trees. The predominant canopy contained saplings and small trees from 12 to 30 feet in 
height. The overstor>' trees were 50 to 60 feet high. A stem tally on a 1-milacre plot at TBN 
produced a total of 38 stems from 6 inches to 20 feet tall. The largest stem diameters re- 
corded on this plot were one of 3/4 inch and one of 1-3/4 inches. About 90 percent <rf the stems 
at TBN showed definite treatment effects. Of this 90 percent of stems with treatment effects, 
approximately 80 percent of the stems were conqpletely defoliated and 20 percent retained 
dead attached leaves. The remaining 10 percent of the total stand had green attached leaves. 
The forest floor litter of dead hardwood leaves was essentially continuous, but the fuel loading 
(\vei-ht/acre)of the litter was fairly low. There was practically no vertical continuity^ of flne. 
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Fig. 40 



AP TRAI Bl RESEARCH SITE 




Fig. 41 

GROUND COVER AT TBN SITE 
(Compare with DUC CO fuels in Fig. 5) 




Fig. 42 

DEFOLIATED CANOPY AT TBN SITE 



S€CR£J 



dent! fuel within this forest stand. The above vegetation description is characteristic of the 
entire stand from the woodline north for 1600 feet to the TBN sampling site. 

The vegetation atTBNW differed from TBN by having a more pronounced overstory. The 
trees at the TBN\V site did not approach a closed overstory canc^y, but there were definitely 
more mature trees per acre. There were sufficient overstory trees to classify the stand as 
being double canopied. An active logging (^ration was working within the TBNW site through- 
out the field san^)ling program. The understoiy was from 12 to 30 feet tall and the over- 
story was 70-120 feet tall. The contrast between treated and untreated spray strips was 
readily apparent at TBNW. Approximately 70 to 90 percent of the stems in the treated areas 
were completely defoliated. In the untreated strips both the understory and overstory canopies 
retained what appeared to be a normal complement of green leaves. The hardwood leaf litter 
layer was usually continuous at TBNW, but there was little evidence of vertical continuity of 
fine, dead material • 

FUEL MOISTURE 

The moisture content of fiiels was determined for samples collected at TBN and TBNW 
(See Table 3), The moisture content of hardwood leaves and grass was measured by xy lene 
distillation and by oven drying at 103*C for stems and twigs less than 1/2 inch in diameter. 
All moisture contents are expressed on a drj weight basis. The moisture content of less than 
1/2 inch stemwood was consistently high on the treated stucly areas. The moisture content 
of the stems was well correlated with the condition of the inner bark l^ycr (i.e., phloem, 
cortex, and cambium), AU trees with a green inner bark, even though completely defoUated, 
had moisture contents in excess of 100 percent (indicating a viable moisture translocation 
system). 

The cambium inspecUon of many stems showed that the large majority of treated stems 
retained a green inner bark layer and thus were at adverse moisture levels in terms of com- 
bustion. At moisture contents above 100 percent it is impractical to consider these stems as 
available fuel under Vietnamese weather conditions. A few treated stems revealed a reddish- 
hrnw-n to brown inner bark which may have been indicative of a species susceptibility to the 
chemical treatment. Only a very limited number of stems were killed by the chemicals cur- 
rently I>ein4; used in Vietnam based on the examination of the inner bark tissue at the sampling 
.sites. 
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I ri L VOLrMi: and ARRiVNCLMLNT 

The am*)unt of surface fuel available for combustion was determined by collecting one 
square Una pMs of leaf litter. Three plots were collected at TBN and two plots were col- 
lectcil at T!5N\V. The plot samples were oven dried at 103*C. and the litter quantity computed 
in terms of tons per acre of organic matter. The average sampled quantities of litter were 2 
tons per acre at TBN and 4-1/2 tons per acre at TBNW. 

Although the total unit weight of surface fuels was low, the distribution of the litter was 
usually continuous over both areas. Tne continuous distribution of fuel was not maintained in 
the vertical plane. The vertical orientation of fine dead fuels was limited on the sampling 
sites and few ladders existed between the surface litter layer and aerial fuels, 

FIELD BURNING TESTS 

Small test fires were ignited near Trai Bi using white phosphorus and incendiary gren- 
ades. Fires were set in concentraUons of logging slash at TBNW and in the hardwood litter of 
chemically treated forest stands at TBN and TBNW. The presence of the logging slash per- 
mitted the comparison of fire behavior in a fuel configuration which simulated native slash 
and burn practices with that of the PINK ROSE fuel orientation. 

Litter Test Fire. TBN, 15 Januarv. 1967 

Tiie hardwood litter in a treated forest stand was ignited with a white phosphorus gren- 
ade. A few ignition points were established, but fire spread was practically non-existent and 
spot fires were confined to areas of approximately one square foot. Combustion was sus- 
tained for only a short period of time within those small flpots. The air temperature at 1640 
near this burning site was 85*F. and the relative humidity was 49 percent. The moisture 
content of the ground litter was ten percent. 
Slash Test Fire. TBNW. 17 January, 1967 

One white phosphorus gienade was thrown into a rather heavy concentration of logging 
slash consisting of large limbs, branches., and dead leaves. The slash fuels were contained 
within a perimeter of 114 feet. Flame heights of 10 to 15 feet were observed shortly after 
i;;nition. The weather observation at 1435 at the slash fire site indicated s i air temperature 
of *il**F. and a relative humidity of 47.5 percent. The fuel moisture at 1515 was 12 percent 
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Fig. 43 

LITTER COLLECTION PLOT AT TBN SITE 




Fig. 44 

FIRE IN SURFACE LITTER AT TBN SITE 
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i.>r IcAi liiwv jO percent lor deiul attached leaves. The relative humidiU at 1."»1."> ujs 
percent. By the lire had consumed a large amount of the fuel within the sl:ish concen- 
tiiiti* n. Noihin- remained but white ash and charring limb and branch material. The fire did 
not sprc ;i(l ,i.)\niwin»i into the sparse leaf litter. 

Slash Test Fire, TDNW. 2ri JanUviry. 1967 

At I:;.').") one incendiar\^ grenade was throAMi into a concentration of dead log^inj; slash. 
Combustion was rapid immediately following ignition, but fire spread was not sustained 
throuj^hnut the lu'^ bed. The fuel in the center of the slash pile was consumed with practi- 
cally no spread beyond the point source of ignition. The slash fuel was aerially arranged 
without much fine surface fuel. The air temperature was 87^F, and the relative humidity- was 
01 percent at 1 107. At 1420 the moisture content of attached dead leaves was 13 i)ercent and 
the moisture content of small diameter slash branches was 14 percent. 

Litter Test Fire. TBNW. 25 January. 1967 

At l.")ir> two ]aceiKliar>' grenades were thmwr into a continuous bed «;f h.irdwood leaf 
litter The litter was ip^iiled but fire spread in the natural fuel was not sustidned following 
the burnout ol thi j^rerryie*. Flame heights were on the order of 4-6 inches ai^r* the final si/e 
of fire sp*>ts u.i- a. >*t 1- ioLhes in diameter. 

Litter Test Fire , THN, * Fv4>ruar\'. 1967 

Hardw<Hj4i lit;c»- ♦ler^.vath the predominantly single canopy stand was ignited at 1205 with a 
white phosphorus ^ronade. The fire at the impact point spread slowly and by 123" had burned 
an area approximah lv 25 feet in diameter. At 1240 flames 3-5 inches high were spreading 
very slowly into iinb.irned hardwood litter. This SiX>t closely resembled some of the ignition 
Joints obsc»rved in IMXK ROSE Target A while flying over the area on February 3. Under the 
(Mnf)py in t:ii-t»t area A. the ordnance ignition points were confinedto small arens. Sustained 
I 'jnibusiion ot [ho lilior did not occur following ordnance burnout. 
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A spot fire also started about 50 feet from the grenade impact point. This spot was 
characterized by a continuously spreading fire perimeter in all directions. The fire spread 
slowly and maintained a circular configuration. At 1221 the perimeter of this spot fire was 
100 feet. It was apparent by 1223 that the present perimeter would be close to the final fire 
size. Flaming zones around the perimeter were quite scattered. Backing flames were 6-9 
inches high and the flame depth was about 2 inches. The leaves burned to a black ash with the 
leaf structure well preserved. The black ash readily disintegrated when touched. Some of 
the residue was in the form of white ash. 

The only portion of the area still burning by 1227 was on the northeast and east sides, 
where flames were backing into a sli^t wind. By 1240 the fire spot was almost out. There 

was no vertical continuity of fine, dead fuel in this area and the fire remained a surface fire 

»' 

throughout the burning period. 

The weather observation at 1200 on 5 February indicated an air temperature of 86 ^F. and 
a relative humidity of 55 percent. 

DENDROLOGY 

The species composition ot the vegetation at TBNW was identified on 7 February by a 
botanist from the Botanical Garden in Saigon (See Table 4). The identification of vegetation 
is important in interpi^ting the response of different species to spray treatment. The iden- 
tification was stratified by understory and overstory vegetation. There were instances where 
the same species were defoliated in the overstory but not in the understory. An explanation 
of this disparity in treatment effects might be altr.ibuted to the logging operation in the area. 
At the time of treatment the overstory may have been more extensive, preventing good under- 
story contact from the single spruy flight over TBNW. Or spray drift may have affected 
overstory tr^es in the missed strips at TBNW, but not come into contact with understory 
vegetation. The majority of the overstory trees at TBNW were defoliated. More green leaves 
remained in the understory at TBN>\' than were observed at TBN. 
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Table 4. Understory- and Overstory Vegetation Identified at TBNW^ 

UNDERSTORY 



Genus 


Species 


Family 


Remarks 


Croton 


rini 1 'snAi 




Retained green leaves 




lauruoiia 






Grewia 








Aparosa 


filicifolia 




Retained some green leaves 


Nephelium 


C*hT*V G All TVl 


oapinoaceae 




Ancistrocladus 


cochinchinensis 


Ancistrocladaceae 




Sindora 


cochinchinensis 


Leguminaceae 


Retained green leaves 


Callophylum 


retusum 


Guttiferae 




Popowia 


aberrans 


Anonaceae 




Calomus 




Palmae 


Low, green herbaceous plan 


f 1 Ti ri 1 in OTYii 1 TTi 
V'Jiiuiu.iiiviimiii 


zeylanicum 


Lauraceae 








Fagaceae 


Retained green leaves 


Lithocarpus 










OVERSTORY 




Genus 


Species 


Family 


Remarks 


Euceriin 




Myrtaceae 


Retained some green leaves 


Parinarium 


«uuuiiiit; nse 


Rosaceae 




Dillenia 




uiiieniaceae 




Anisoptera 


cochinchinenfii q 






Sindora 


fivi#*lt iviAn ol c 


Leguminace ae 


No leaves in overstorj^ tree 


Man{;ifera 


cochinchinensis 


Anacardiaceae 




Adina 


polycvphola 


Rubiaceae 




Irvinj^ia 


oliveri 


Iryingiaceae 


Retained green leaves 


Dipterocarpus 


intricatus 


Dipterocarpaceae 




Dipterocarpus 


alatus 


Dipterocarpaceae 


Retained some green leaves 


l^:isrinia or 




Fagaceae 


No leaves in overstorj' tree 
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L.\BOKATORY FUEL DESCRIPTION 

;.ppn)xim:ilcly 35 pounds of hardwood leaf litter were collected near Trai Bi and shipjied 
to tile Northern Forest Fire Laboratory for fuel testing purposes. The leaf litter was mea- 
sured and described in terms of properties which influence fuel flammability (See Table 5). 
The description of fuel properties will be used in support of subsequent laboratory burning 
tests. 
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l i'Mi *». Fuol Pj:nptM ties «>f Snmplcs Colleolei! ;il TBN and T\\U\\ 



TBN 



1/ 

Heat Content 

Ash Contonl (•.i^aves) 

].ea] Density 

Leaf Sj)ecific Gravitv 

Compaetnoss of 
Utter Fuel Rod 



Weight/Unit Area 

Hi at Content 

Ash Content (I e:»ves) 

Leaf Density 

: erJ Speeific Gravity' 

Compactness of 
l itter Fuel 



Lnglish 
1.95 tons/acre 



Metric 
4,37 metric tons/hectare 



le.sib/ft'*^ 



65.8ftVft^ 



1772 ft^/ft^ 



TBNW 
4.50 tons/acre 

8264 Btu/lb 
10.4% 
17.4 Ib/ft^ 



125,7 ftVft^ 



2 3 
1675 ft /ft 



5,2/ 



0.255 gm/cc 



2 , 3 
2.2 cm /cm 



2 y 3 

58,1 cm /cm 



10.09 metric tons/hectare 

4591 cal/gm 
10.4% 

0.270 gm/cc 



2,3 
4.1 cm /cm 



2 3 
55.0 cm /cm 



J^/ Heat content is expressed as the low heat value on an oven dry basis. 

Ij Compactness is defined as the surface area of the fuel divided by the void volume of the 

2 3 

volume of the fuel l>ed (ft /ft ), 

^ (7 (Si^ma) is defined as the surface area to volume ratio of the fuel, or the surface area 
of a fuel particle divided by the particle volume. Generally, the higher the value for 
si- i.iri tiie creator is the rate of fire spread since more surface area per unit volume is 
c>:pns<j(l to convcctive and radiative heating. In contrast to the values for hardwood leaves, 

2 3 

a value for i/2-inch sticks is 96 ft /ft . 
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DISCUSSION 



The marginal results of HOT TIP in 1966 were attributed to ineffective desiccation treat- 
ment of the vegetation and an inadequate density of ignition points. The absence of overall 
sustained and active combustion following the incendiary attack was interpreted to result from 
one or more of the following treatment deficiencies. 

1. The vegetation was not drying to low moisture content levels because single pass 
spray applications were not getting down to treat understory vegetation. 

2. The dry season application of chemicals was less effective than spray treatments 
during the wet season when plants would be more physiologically active. 

3. Difficulties in the effective dispersal of chemicals could be caused by the moun- 
tainous topography of Chu Pong. 

4. The ignition strips had been too widely spaced and this might have prevented the 
individual fire sets from adequately reinforcing each other. 

The PINK ROSE test requirements were planned to minimize all of these treatment defi- 
ciencies. The new requirements called for double spraying during the wet season with Orange 
and White, followed by a desiccant spray application prior to the ignition of targets. Targets 
were selected in flat topography to provide optimum flying conditions for spray coverage. 
Ignition density was increased to saturate the targets with individual fire sets. 

Despite the modifications of the forest incendiary requirements for Operation PINK ROSE, 
the three PINK ROSE tests gave exclusive evidence that tropical forest vegetation was not 
appreciably altered by fire under existing conditions. Fire has been used successfully for 
centuries in tropical regions by native people employing "slash -and-bum" agricultural tech- 
niques. Shifting agriculture burning is characterized by the felling of all, or most, trees on 
an area and the dry season curing of thisfuel Just prior to burning. Tropical forests prepared 
in this way have produced effective fires for clearing purposes. 

Prescribing similar clearing practices during wartime is not feasible in insecure areas. 
During the follow-up stages of the Iron Triangle militar>' operation in Vietniim in l*jr,7, con- 
siderable tractor clearing of land was observed. The vegetation was dozed into wimlrows :m(l 
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bumed. The results of such clearing appeared effective, but possibilities for widescale appli- 
cation of this technique in areas which remained totally insecure appear questionable. Cost 
estimates for achieving effective land clearing througji aerial bombing with high explosives 
are extremely high <$840,000 per square Kilometer) .-^Also, such treatment may not satis- 
factorily prepare an area for subsequent burning since the resulting craters destroy horizontal 
fuel continuity at the same time that they improved vertical continuity. 

In contrast to the optimum fuel arrangement established by slash and bum techniques is 
the less flammable PINK ROSE fuel model. This model, wMch developed following the defoli- 
ation of standing vegetation, was characterized by: 

!• A low suif ace litter fuel load per unit area. 

2. A continuous surface fuel layer in the horizontal plane, but limited vertical con- 
tinuity of fine, dead fuel; standing defoliated stems usually at excessively high 
moisture content levels. 

3. A minimal level of solar insolation; althou^the stands are defoliated, the drying 
of surface fuels is not effectively assisted by solar radiaticn because of signifi- 
cant shading by branches, limbs and stems. 

The high moisture content of the numerous standing small stems combined with the other fac- 
tors formed a fuel pattern which was incapable of sustaining active comlauilioB foUoming igni- 
tion. The low intensity test fires observed near Trai Bi did not gcnento ^^m mmttfy required 
to influence even the smaU stems. Post -strike aerial and grauid nhi msiiiM aid photo 
reconnaissance of PINK ROSE targets revealed the same resulU: IpiltkHi point sources 
tHimed out rapidly within forest stands with little surface spread and practically no vertical 
fire spread. 

Ulien 1 /2-inch stems are at a moisture content of 100 percent there is not sufficient 
energy produced from the litter fire to ignite these stems, ff these stems were at 10 percent 
moisture content, the litter energy level is theoretically cim>able of igniting the stems. So the 



Jy Hreit et al. Neutralization of Viet Cong Safe Havens: A Preliminary Study (U). Tech. 
Pap< r Il/\C-TP-191, 1965, 74 pp. 
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problem to date in forest incenc'iary attacks in Vietnam appears to be the inability to effec- 
tively desiccate the vegetati<m. It is evident that current defoliation chemicals, applied in the 
volumes and concentrations now in operational practice, are not doing the desiccation job. 
Successful crown removal by fire in Vietnam will not be achieved unless techniques of actual 
chemical desiccation can be developed. 
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APPENDIX I 
PINK ROSE Test Plan 
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DEPARTMENT OF THE AIR FORCE 
HEADQUARTERS SEVENTH AIR FORCE (PACAF) 
APO SAN FRANCISCO 96307 

26 December 1966 

REPLY TO 
ATTN OF: PL 

SUBJECT: PINK ROSE Test Plan (U) 

TO: See Distribution (Pages 100 and 101) 

1. (S) This test plan is effective upon receipt and provides for the operational 
evaluation of a technique to clear forest or Jungle growth by fire. 

2. (U) The nickname for the 1967 test of this technique is "PINK ROSE. " 

3. (U) Task organizations will prepare supporting documents containing local 
procedures and directives as required. 

4. (U) Comments and/or recommendations for changes, additions* or deletions 
to this test plan will be addressed: Headquarters 7th Air Force (PLR), APO 
96307. 

FOR THE COMMANDER 

A. L. HILPERT. Colonel. USAF 
Deputy Chief of Staff/Plans 



DOWNGRADED AT 3 YEAR INTERVALS; 
DECLASSIFIED AFTER 12 YEARS 
DOD DIR 52.00.10 



PL-66-00783 
RDFU Log S-025-67 
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PINK ROSE TEST PLAN 

1. Refcrunces: 

a. Secret MACJ3 memorandum dated 7 Oct 6G to Commander 7AF and JRATA. 

b. Secret COMUSMACV message DTG 050830Z Oct 66 to 06D. 

c. Secret COMUSMACV message DTG 011528Z Jul 66 to CINCPAC. 

d. Secret US Department of Agriculture Forest Service Final Report - Phase I, Forest 
Fire Research, Volume 1. 

2. Purpose: 

To determine the techniques and conditions required to destroy large areas of forest or 
jungle growth by fire. 

3. Background: 

In September 1965, CINCPAC recommended to the Joint Chiefs of Staff that an imme- 
diate requirement be established to develop a capability to destroy by fire large areas of for- 
est and jungle growth in Southeast Asia. This request was approved by the Joint Chiefs of 
Staff and the Director of Defense Research and Engineering directed the Advanced Research 
Projects Agency (ARPA) to accomplish the required research tasks* The Forest Service, 
under contract to ARPA, researched this problem in Vietnam and collected data. A test op- 
eration w?s conducted at Chu Pong mountain (YA 88 02) near Pleiku. Bum of this area was 
accomplished on 11 March 1966 by B-52 strikes (HOT TIP I & II). The area selected had 
previously been defoliated and incendiaries were dropped to ignite the area to be burned. It 
was concluded that although results of HOT TIP were indeterminate, sufficient information 
did exist to warrant proceeding with project PINK ROSE in three areas selected within War 
Zones C and D. 

4. Technique: 

During the period August December 1966, selected areas will be defoliated iv,icc by 
C-123 aircraft using orange or white herbicide dispensed from standard dispensers. Selected 
areas will be resprayed using blue desiccant approximately ten dayj before ignition. In late 
Ji'.nuary and late February 1967, the selected areas will be bombed by B-52 aircraft using 
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M-;..*) Inrontliarv Cluster Bomhs. The ensuing forest fire is expected to consume ihc Jried 



Objectives: 

a. Validate conclusions reached from previous research on optimum techniques for de- 
stinjction of forest/jungle areas in Vietnam by fire. 

b. Determine feasibility of employing PINK ROSE techniques as routine operational 
programs, 

c. Determine supplemental advantages gained by use of bum techniques foilo\\ing defo- 
liation over use of defoliation techniques alone. 

d. Determine magnitude of possible long-range benefits derived from PINK ROSE tech- 
niques, 

6, Discussion: 

a. Selection of Specific Targets for Burn, 

(1) War 7'>nr : and D are elements of the 1966-19G7 MACV-GVN defoliation pro- 
gram. Three aieas have been selected as representative forest/jungle growth for PINK 
ROSE tests. Each is a square having sides of seven kilometers and each contains approxi- 
mately 12,000 acres of jungle. These areas also contain known and suspected VC/NVA in- 
st:i]lations. 

(2) A target map is attached as Appendix 1, 

b, Lelection of date for Target Burn: 

(1) Optimum conditions for a forest/Jungle burn exist on a hot, dry, relatively clt)ud- 
Icss day. Work accomplished during Phase I of Project EMOTE, (Reference 4) indicates that 
the number of days when forest incendiary operations arc possible within the potential target 
areas is greatest during January and February. These two months have the least rainfall and 
mf)st nearly meet the optimum requirements. For these reasons, late January has been se- 
lected for date of first test burn. 



\i - t uition and denufie the target sufficiently to deny its use as a safe haven. 
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(J) Tiiis same source also indicates that the relative humidity is lowest iiml the 
iv :r:;K iMiurc is hi';hcst at approximately 1400H, Since these conditions arc optimum for j;ood 
l^ir. pjiiu;, 1 looil has been selected as the start time for i^tions. 

It is desirable that the target date be flexible for two reasons. First, operational 
ri'^iuirements n;a\ preempt the use of B-52 strike aircraft for higher priority targets. Se- 
cond, since weathei plays such an Important part in successful WNK ROSE operations, it 
would ]ye highly desirab?e to have the capability to delay target ignition for one to three days 
if ihc weather is unfavorable. 

c. Defoliation Program: 

(1) Preparation c f PINK ROSE targets by aerial herbicide operations \vi\l be accom- 
plished to insure proper prs-burn conditi'^ns. 

(2) Concept of operations will be as follows: 

(a) During the ^leriod November 1966 • February 1967, continue defoliation of 
the three target ar-^as. Herbicide operations will be conducted In three phases: 

1. Phase I - la'tial treatment of each target area. Total target ydll be 
treated with three gal/acre of orange herbicide on areas A and C and three gal/acre of white 
herbicide on area 6. Initial application should be completed as quickly as possible. Desired 
schedule for completion is: Area A - 14 November 1966; Area B - 16 November 1966; and 
Area C - ) 8 November 1966. (Note: all areas were completed by 27 November 1966.) Des- 
iccation of the upper canopy as quickly as possible is essential if the treatments arc to be ef- 
fective by the schechiled target strike dates. Orange herbicide is preferred because of quicker 
action and greater possibility for defoliation of lower canopy through volatilization. 

2. Phase n - The three targets selected for burning will be treated v^ith a 
second herbicide application at a rate of three gal/acre. Targets A and C will be treated with 
orange and Target B will be treated with white. The following schedule is desired: Area A - 
27 Dec 1966, Area B - 28 Dec 1966, and Area C - 26 December 1966. 

3. Phase HI - During this phase a desiccant, agent blue, (phytar), will be 
:tp]jlic<l In half of each target area to dry dead foliage and other combustible material. Targets 



A ;isui C will receive three gal per acre and Target B will receive 3 gal/acre. The cicsiccant 
<[v.mhl bo applied on the south half of area B and C and the west half of A approximately ten 
s ahead of tarj;et ignition. It should be applied at right angles to the flight lines used in 
the initial application on each area. Desired schedule is: Area A - 19-21 January 19()7: Area 
B - 2()-28 Januan- 19(>7; and Area C - 5-7 February 1967. 

(b) Schedule and tasks for Herbicide Operations; 

1. War Zone C was approved and ordered executed by the Joint General 
Staff for the period 5 September 1966 • 31 March 1967. War Zone D was approved and or- 
dered executed by the Joint General Staff for the period 16 September 1966 - 31 March 1967. 

2. Aircraft and herbicide requirements. 

a. The target area of forty-nine square kilometers will require 34 
sorties and 34. 000 gallons of orange/white herbicide. 

b. The first application to three targets will require 102 sorties and 
102,000 gallons of orange/white herbicide. 

c. The second application to three targets will require 102 sorties 
and 102,000 gallons of herbicide — 68,000 orange and 34,000 white. 

d. The third ar^lication applied to half the target area will require an 
additional 51 sorties and 42,500 gallons of blue. 

e. The total herbicide requirement is 255 sorties and 246, 500 gallons 

of orange/whiteA>lue. 
d. Ignition: 

(1) The M-35 Incendiary Cluster Bomb has been selected to provide PINK ROSE ig- 
nition. This bomb is a standard munition and is available. It weighs 750 pounds and con- 
tains a cluster of 57 M74A1 bomblets, each bomblet containing 2. 75 pounds of PTl incendiary 
filling. The bomb cluster is normally set to open at an altitude of 5000 feet. 

(2) In order to effectively ignite one selected target, 1260 M-35 bombs must be 
dropi)ed (42 for each of 30 aircraft). Since three targets have been selected and prepared, 
and current planning provides for strikes on all three targets, at least 3780 M-o5 bombs must 
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! . avail.ililo I., the .Jrd Air Division on Guam. Programming should provide forcomplclc units 
include M-:;.-, I...mbs, M-M tail fins, two M152/AN-152A1 fuzes per bomb and M2:i type H 



:irmini: uirrs. 



(;;) I-oition of each target wiU be accomplisi by a B-52 strike of 30 aircraft. 
Each aircraft uall carry 42 M-35 Incendiary Cluster Bombs. Results of a similar operation 
last year indicate the need for a greater number of ignition points than were used previously. 
Reference 4 also specifies that there should be at least one Ignition point for each 8000 square 
feel. Inforriation provided by SAC indicates that one B-52D can provide approximately one 
ignition for each G200 square feet throughout a pattern 700 feet wide by 21000 feet long. (Ref- 
erence Secret message SAC to CINCPAC DTG 061630Z Sep 66.) Proper spacing between in- 
dividual aircraft and aircraft cells so that each 700 foot swath touches an adjacent one will 
properly saturate a square 21000 feet on a side or approximately 41 square kilometers. Use 
of synchronous techniques is desired to reduce the overall span of time between the first air- 
craft over target aiid the last. Also, this technique should provide a greater probability of 
uniformly saturating the target area. 

c. Weather: 

Since weather conditions so critically affect the burn potential of the target areas, 
tho maximum weather informaUon and advice obtainable must be available to the Project Of- 
ficer. If a rainfall of 0. 2 inches or greater falls in the target area, three drjing days will be 
required. A rainfall of less than 0. 2 inches will require one drying day. 

f. Documentary Photography: 

Project PINK ROSE will probably be the final test of the feasibiUty of destroying 
forest/jungle growth by fire. Many agencies, both military and civlUan, ^111 be Interested 
in tho results. It is, therefore, extremely Important that this project be adequately docu- 
mented. Documentary photography will be required to cover Initial planning, defoliation and 
Its effects, strike aircraft support, ignition and post strike effects. 

g. Ground Reconnaissance: 

(1) The Fifth Special Forces Group will be refjucsted to provide coml);it team sup- 
!>'.i t for four {)( ..ple - A Forest Service Specialist, an ARPA Observer, a MACCOC7 Rcpre- 
. ..tr.tivc :inr| photographer. They are to be airlifted into the target area shortly after davxn 
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ot the (lay fc)ll<n\inK each incendiary strike (or as soon thereafter as ground and air conditions 
pcrnul as determined by 5th SFG) and to be airlifted out the same day. 

(2) On-site analysis by a qualified Forest Service observer after strike can provide 
critical answers necessary to logical data analysis not obtainable by any other means. Spe- 
cific answers required are actual existing species of vegetation, lower canopy conditions, 
ground fuel type and availability, impact pattern of incendiaries, dud rate determination, ef- 
fectiveness of ignition, ground cover removal, etc. 

(3) It is desirable to obtain samples of ground fuel before strike to determine the 
true moisture content of existing fueU Sampling kits and instructions will be provided by the 
Forest Service for use of Special Forces. If Special Forces personnel are in target area 
prior to strike, fuel samples should be obtained. A specific mission to fulfill this require- 
ment is not considered necessary. If possible, it would be highly desirable for a Forest Ser- 
vice fuels specialist to obtain samples in or near target B area prior to strike. It may be 
possible to accomplish this by operating out of the Special Forces camp at Ap Trai Bi (XT 12 
70). 

4) An on-site evaluation of the tactical effectiveness of the FINK ROSE technique 
can be provided by accompanying Special Forces personnel. Special Forces personnel asso- 
ciated with the post strike entry party will be interviewed by the Pink Rose Project Officer 
and their evaluationof effectiveness will be included in the PINK ROSE operational report. 

h. U. S. Department of Agriculture, Forest Service: 

(1) The Forest Service has had much experience in removing cover by fire and has 
participated in both Operation SHERWOOD FOREST (1965) and HOT TIP (1966) conducted in 
Vietnam. For PINK ROSE, the Forest Service will make available to the Project Officer a 
3-man team consisting of an infra-red reconnaissance expert (team leader), a fire weather 
meteorologist and a fuels specialist. This team will arrive in Saigon approximately 9 Jan- 
uary 1 907. The team will be prepared to conduct laboratory determinations of fuel moisture 
content, assist in interpretation of weather data, and provide advisor>' services as requested 
by the Project Officer. 
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(2) A fire behavior specialist will arrive in Saigon on 14 January 1907. lie will 
malxc evaluations of fire behavior during the operation and on-the-ground technical cvalua- 
tic^ns of effectiveness after the strike. He will also be available for advisory service as re- 
quested by the Project Officer, 

(3) An herbicide specialist will be located in Bangkok during January. He will be 
available for PINK ROSE on Request. Under its contract to ARPA, the Forest Service will be 
conducting research in Vietnam after the conclusion of PINK ROSE. Forest Service personnel 
will be available for assistance in compiling or analysing data for inclusion in the operational 
report as requested oy the Project Officer. Forest Service personnel will be returning to 
CONUS approximately 1 March 1967. 

i. Aerial Reconnaissance: 

(1) Analysis of target area data furnished by aerial reconnaissance will provide the 
major input for the technical evaluation of Project PINK ROSE. Re<julrements can be grouped 
into three areas - infrared photography, simultaneous dual color photography, and infrared 
coverage. 

(2) The targets will be very hot. Unless precautions are taken during IR readouts, 
amplifier saturation and DC-level shift will occur obscuring terrain detail on the non-hot 
areas. Terrain detail is essential for data analysis. Smoke in the area will prevent location 
of the target center by visual means. Real time viewing of IR signals will be required to lo- 
cate flight lines. Severe turbulence is expected in the convection column and it should be 
avoided if possible. Specific requirements follow and will be required for each of the three 
targets. 

(a) Infrared Photography: 

U Area: Complete coverage - a square, 7 km on a side. 

2. Filter: Wratten 12 or minus Blue (yellow). 

3. Film: IR black and white. 

4. Resolution: Three inch ground 

5. Overlap: 55 - 65% 
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6, Sidelap: 30% 

2* Scale: Not less than 5000 feet/frame. 

8. Date required: Prestrike - between 1 December 1966 and strike date; 
Poststrike - three to five days after strike, 

9. Clear sky and high sun are desirable to minimize shadows. 

10. Individual 1:8,000 scale mosaics of this coverage are desired as soon 
as possible after strike, 

(b) Color Photogrsqphy: 

U Area: Sample coverage of each area simultaneously in two colors. Ap- 
pro>dmately two percent area coverage is required. It should consist of strips flown at right 
angles to each other. North-South strips should be flown during prestrike photography; East- 
West strips should be flown during postrike photognq;>hy. 

2. Film 1: High Speed Ektachrome. 

Film 2: CD Color (CamouP^e Detection). 

3. Filter 1: Haze. 

Filter 2: Minus Blue or G. 

4. Resolution: 1 inch ground. 

5. Overlap: 55-70%. 

6. Sidelap: None. 

7. Date required: Prestrike -three to five days before strike: Poststrike - 
three to five days after strike. 

(c) Infrared: 

1. Spectral Region: 8-14 microns. 

2. Retiolution: 2 milUradians. 

3. Viewing: Real Time. 

—SECRET 



4. Recording: 5 inch film and magnetic tape. 

5. Scan Angle: 120 degrees. 

6. FUght Altitude: 10» 000 feet. 

2* Time: Start as soon after strike as possible. Runs will be made at 
five minute intervals for 30 minutes (six runs). Additional runs at 30 minute intervals will be 
made for the next two hours (4 runs). One run is renuired the day after the strike, preferably 
between llOOH and 1400H. 

j. Forward Air Controller Support: 

(1) Support from Forward Air Controllers in the followii^ locations will be re- 
quired - Tay Ninh, An Loc and Xuan Loc. Support reqidred will consist of routine direction 
of 12 ACS operations prior to strike » visual observations <rf target area, and aerial photog- 
graphy in conjunction with normal missions. 

(2) Support of 12ACS RANCH HAND operations already is being provided and will not 
be further affected by PINK ROSE, tt is desirable to have reports from Forward Air Control* 
lers on precipitaiioii or lack of it In the target area starting three days before strike date. 
This report can be caRed by telephone to the TACC after normal daily tUghU are completed. 
The 600th Photo Squadron will provide photographic documentation of Project FINK ROSE. 
Occasional flights by aerial photographers in Forward Air Contiuller aircraft are required. 
These will be conducted in conjunction with normal missions. 

k. Psychological operations: 

Psychological operations exploitation of B-52 (Arc Light) strikes will continue in 
accordance with existing instructions to II Field Force V. 

1. Data Collection: 

(1) Forest Service persorjiel, from the U. 8. Department of Agriculture, will col- 
lect technical data and publish technical reports for the PINK ROSE operation. 

(2) Support requirements will be obtained through the Seventh Air Force Project 

rjfficer, . 

(3) Data collection wiD generally be in accordance with the following outline. 
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(a) Defoliation Program - Obtain maps from the 12th Air Commando Sciuadron 
of each area (1/50.000 scale) shouting the area sprayed each day by date, the chemical used 
and the rate of application. 

1) Weather - Obtain copies of all data as specified in paragraph 7c(4) of this 

plan. 

(c) Fuels - Obtain: 



1. Samples of both treated and untreated leaves and twigs for fuel moisture 



determination* 



2. Samples of ground litter for determination of fuel loading. 

3. Herbarium records of species composition of each target area, 
(d) Ordnance and Delivery - Obtain: 

1. Copy of frag orders for each target. 

2. Copy of SAC debriefing information to include time of first and last 
bomb on each target; number of aircraft and bomb load; and formation type. alUtude and air- 
speed during stxike. 

3. Depthof penetration of individual incendiaries by soil type supported by 

B&W photos. 

4. Typical ejection pattern of individual incendiaries and extent of varia- 
tion from the typical pattern (to be determined by analysis of infrared film). 

5. Copies of all available photography taken by SAC. 
(c) Fire Behavior - Obtain: 

1. Rate of fire spread and time of coalescence (to be determined by analy- 
sis of infrared film). 

2. Rate of rise of convection column by five minute time intervals. 

3. Height of column at condensation level. 

4. Height of column at icing level. 
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photography). 



3. Diameter of column at base, smoke fallout junction, icing zone and top. 
6. Copies of all photography taken during strike. 
<f) Fire Effects - Obtain: 

1. Increase in vertical visibility (to be obtained from pre and post-strike 

2. Increase in horizontal visibility support B&W photographs. 

3. Samples of partially burned fuels for residual energy determination. 
Depth of char measurements on standing stems. 

5. Measurement of stub diameters by height class. 

6. Photographic documentation of casualties produced and dam^^ to tar- 
gets of military interest. 

m. Command and Control: 

(1) The normal command channels of all participating units will be used to conduct 

this test. 

(2) MACV COC-8 will task the Third Air Division for B-52 support for this mission. 
Execution of SAC forces will remain with the Strategic Air Command. PINK ROSE require- 
ments will conform with existing Arc Light procedures. 

(3) The Seventh Air Force TACC will control all other aircraft participating in this 

test. 

(4) The Project Officer, having evaluated information provided by weather officers, 
the Seventh Air Force SACLO, Forest Service representative, and FAC reports, will request 
MACV COC to frag strike units for ignition missions. He will also request the Seventh Air 
Force TACC Plans Division to frag photo reconnaissance units and documentary photo units. 
The m DASC will frag FAC units for necessary support missions. The current Operations 
Division, in coordina^on with the Project Officer, will issue any necessary instructions to 
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recall the B-52 force through MACV COC-S to Third Air Division. Recall could be from Sev- 
enth Air Force if necessary. This instruction to recall would normally only be requested in 
the event of unfavorable weather which would negate test. 

(5) During the execution phase, the Project Officer will closely monitor all con^ 
ditions affecting desired test results. He will have the authority to cancel a tasked mission at 
any time that unfavorable conditions preclude optimum test results. Cancellations and subse- 
quent rescheduling of missions will be relayed to participating units through normal control 
agencies. 

7. Support Requirements: 

a. MACV will be requested to: 

(1) Execute defoliation program within priority as specified in paragraph 6c. 

(2) Provide coordination with US Army to obtain siqpport from Fifth Special Forces 
Group as ^ecified in paragraph 6g. 

(3) Provide coordination with SAC/3rd Air Division to assure necessary strike air- 
craft support. K-17 camera film of strike is requested if conditions permit. 

b. Seventh .\ir Force will: 

(1) Provide through the TACC, fragging for the photographic reconnaissance mis- 
sions and the documentazy psiotographic missions. 

(2) Provide through the m DASC» Forward Air Controller Support of defoliation op- 
erations. 

<3) Provide through the TEL DASC» Forward Air Controller visual observations in 
target areas as specified in paragraph 6J^ 

(4) Provide through the m DASC, observation flights for photographic personnel as 
specified in paragraph 6J. 

c. First Weather Group at Tan Son Nhut will: 

(1) Provide a 1st Weather Group coordiiAator to monitor and coordinate all Air 
Wt-ather Serv ice meteorological activity in support of this plan (WGO-PL) and furnish PIRXL 
equipment to Combat Weather Team at Quan Lol to su|j{K>fft requirements of this operation. 



93 



(2) Through the Fifth Weather Squadron: 

(a) Provide two PIBALS per day, maximum helRht of 12,000 foil at O^OOII and 
1 InOH, from Quan Loi commencing on or about 12 January 1967 and continuing; until the day of 
the final strike, approximately 25 February' 1967. The PIBAL data will be furnished to Dct 2, 
40th Weather Squadron, 

(13) Insure that all upper air data received from US Army McteorologicaJ Units 
at Tay Ninh, Cu Chi, and Phuoc Vinh during the period sho^n above are encoded and trans- 
mitted on the SEA Weather Net. 

(3) Through Det 2, 30th Weather Squadron, provide to the ARPA Staff Meteorologist 
the following data: 

(a) Weather observations from III Corps in the vicinity of the target area, 

(b) Rawin sonde data (plotting and sounding) from Tay Ninh, Cu Chi, and Phuoc 

Vinh. 

(c) Coded PIBAL information from Quan Loi, 

(d) Target Area forecast provided by Det 14, 1st Weather Group, 

(e) Radar scope photos beginning five days before each strike, j)hotos to be 
taken only where echoes appear on sc(^e. On the day of the strike, pictures villi >>e taken at 
10-minute intervals beginning at 1300H and continuing until the ARPA representative termin- 
ates the requirement, 

(f) Other meteorological services and/or data requested by the ARPA Staff Me- 
teorolr>gist and coordinated through 1st Weather Group Project Officer, 

(4) Through Dct 14, First Weather Group, provide: 

(a) At approximately 64, 40, 16 and 10 hours before strike time a 24 -hour 
lorccast for the target area. This forecast will contain cloud condition, surface wind in miles 
pc r hour, ami a specific forecast of rain or no rain. If rain is forecast, the amount of pre- 
( ipil:ition expected will l)e included. In addition, a lorecast of temperature in degrees F, and 
I « l;ili\c hunii(Jity for 1400H on day of strike will lie provided. 
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(V't Other melcorol«n;ical services and/ordata rcfiucste<l h\ the AKI*A Stafl Me- 
. v^isi :uvi CO vfiinated thnm^h 1st Weather Group Project Officer. 

i!. The liOOih Phott>}iraphic Squadron will provide documentar>' ph<>to};raphic su|)purt in 
iK rwrdan;. e with the following;: 

(1) Motion picture format - 16mm ECO. 

(2) Still photography format - 120 and 35mm Color, 120 B&W, 

(:\) A shooting outline will be followed as agreed to between Project Officer and 
•ri^nh Phc^to^raphic Squadron. Basically, this will be a scenario covering initial plannin}^, 
icioliation of selected areas and its effects, B-52 support, strike of target and post -strike 

elToctS. 

(4) l^htnoj^raphy will require the following aircraft support: 
(a) One CH-3C or equivalent for D-day. 

(1)) Two each F-lOOF's for D-day to photograph release of ordnance. 

(c) Two 0-lF*s to photograph target area prior to D-day, on D-day, and 2-3 
.lays after D-day. The flights prior to and after D-day can be made with one aircraft on two 
separate flights, one for still photography and one for motion picture photography. 

(d) Two flights with RANCH HAND aircraft. 

(e) Aircraft to Oy photo chase on RANCH HAND aircraft, possibly F-lOO or 

CH-:)C. 

O) The Project Officer will provide photography dates, locations, contacts, and 
\)i :ni rf<y^ir* rr^.r*ts .ind distribution. 

c. r *^rMce, USDA will: 

«:» - %^ie technical advisory service to OSD/ARPA RDFU-V and Project Officer 
' <. I f .n , i uiraph 6h. 

iJ» r )iic*i t data as s|)ecified in paragraph 6i. 
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i. 0>:D/ARPA RDFU-V will: 

(1) Provide technical inputs to Project PINK ROSE through Pro ject Officer and pro- 
viiie liaison l>et^\'een Forest Service and OSD/ARPA RDFU-V. 

(2) Direct the ARPA Staff Meteorologist to: 

(a) Coordinate with task organizations through Ist Weather Group on existing 
and futxire weather requirements. 

(b) Provide film for scope photography. 

g. 460th Tactical Reconnaissance Wing will: Provide reconnaissance requirements as 
specified in Section 6i. 

h. 12th Air Commando Squadron will: Provide herbicide and desiccant treatment of 
areas as specified in paragraph 6c. 

8. Time Schedule: 

PINK ROSE Project assigned to AFTU-V 4 Oct 66 

Arrival of ARPA/Forest Service Team 1 Nov 66 

Selection of three specific target areas 6 Nov 66 

Preliminary draft of Test Pltu: 9 Nov 66 

Coordinated Test Plan complete 15 Dec 66 

Establish weather watch 12 Jan 67 

Blue Spray of target areas 8 Jan, 5 Feb, 10 Feb 67 
l£Tiition of target areas C-18 Jan; A-25 Jan^ B-1 Feb 67 

Post-strii e analysis 19 Jan, 16 Feb, 23 Feb 67 

Operational report 23 Mar 67 
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K ("<'or.|i:uilinn: 

Milit.i! \ Assist. in« r C^'t^miainl, Vietnam 
MACJ:5 
MACJ34 
MACSA 

MACCOC2 

MACCOC7 

MACCOC8 

ARPA RDFU-V 
Seventh Air I orce 

TACC 

DOSACLO 

1st Weather Group 

12th Air Commando Squadron 

ol.>th Ail Commando Wing 

4Wth Tai Rccon Wing 

600th Photo Squadron 
U. S. Department of Agriculture 



Colonel Hronks, 1.1 Doc <ifi 

Dr. McMillan, 

Colonel llammetf, 10 J)rc W 

Ci>loncl Stanton. I \ Djc 

LtCol Callanan, It Dc c <)H 

Colonel Lemoinr, 1 I :>?c iUi 

Major Rosenthal. ir» Dec <>«> 

B/Gen Tallx>tt, 15 Dec 0(5 
Colonel Weyant, l "^ Dec 6i» 
LtCol Hughes, 12 Hec fiC 
LtCol Dennis, lo Dc ; 0(5 
Colonel Bhiir, i:J l> - 
Colonel Nelson, 14 Dec OG 
Capt King, 12 Dec iWi 
Mr. Chandler, G Nov 6G 



Nole: Final Coordination will be with MACV J2, J3 m6 Director, COC, Sevci^tii Air Force 
vrill be with DI, DO and PL. 
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Target A XT$277.5284.5«4-S977 
Target B - XT097S.09S2-16I2-167S 
Targat C - TT344t-S448.4143-4141 



TARGET MAP 

APPENDIX 1 



98 



Weather 


SACLO 




Forest 




Director 




FAC 


Officer 




Serv Rep 




TACC 




Reports 






1 







L EGEND 

Coordination 

~-> Operational Control 
Recall 



Strike 
Plana 



7th AF 
Proj Off 
i 



7th AF 
TACC 



k ■ P JUOUl M KH 1 MiB WiJI % 



MACV 
COC8 



StHfc* 

Aircraft 



]=1 



3rd 
Air Div 



Current 
Opa/CRC 



Photo 
Recce Unit 




Racce 

Aircraft 






Document 
Photo Unit 




Photo 
Aircraft 






FAC 
Unite 




FAC 
Aircraft 



FUNCTIONAL RELATIOWSmPS 



APPENDIX 2 



99 



APPROVED TEST PLAN DISTRIBUTION LIST 

D<^partmcnt of Defense 

Director, Advanced Research Projects Agency, Research and 



Development Field Unit, Vietnam 10 

United States Air Force 

AFRDQR 1 

AFRDC 1 

AFRDQ-A 1 

AFRDDE I 

Pacific Command 

J-3A12 2 

Scientific Advisory Office 2 

Pacific Air Forces 

DORQ 1 
Military Assistance Command, Vietnam 

MACJ3 10 
Seventh Air Force 

DO 5 



DI 

TACC 

Air Force A^Jvlsory Group (ODC) 

AFSC Uaison Officer (DAFSC) 

SAC Uaison Officer (DOSACLO) 

1st Weather Group 

12th Air Commando Squadron 

315th Air Commando Wing 

400th Tactical Reconnaissance Wing 

000th Photographic Squadron 
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' :vi:t?>] States Army 

Army Concept Team in Vietnam 1 
Headquarters, Dept of the Army, ACSFOR CM, Washington, D.C. 1 

United States Navy 

Navy Reit;?irch and Development Unit, Vietnam 1 

Strategic Air Command 

CINCSAC 1 
Cmdr, 3rd Air Division 5 



semr~ 
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APPENDIX n-A 

Post Strike Evaluation Report PINK ROSE Target Area C 
19 January. :i967 
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OPERATION PINK ROSE 
Post Strike Evaluation of Target C 

From 0745 to 1915 on Thursday, January 19, 1967, a post strike evaluation was madc*)f 
the effects of the January 18 incendiar>' raid on Target C. Landing was effected in the east 
end of the swamp at YT 359443. Light ground fire was experienced on landing and fresh 
tracks were observed at the margin of the LZ. The evaluation party moved north from the 
LZ approximately 100-150 yards until reaching the estimated centerline of a bomb run (pro- 
bably the south plane on run 5). We then moved east along the bomb run centerline for ap- 
pro>amatcly 1 kilometer (to YT 349447), moved south to the margin of the swamp and fol- 
lowed the swamp margin back to the LZ. Observations were made in an area af^roximately 
1 km. long by 1/4 km. wide, or 1/2 of 1% erf the entire target area. Special note was made 
of the ordnance effectiveness, defoliation effectiveness, fuel composition and fire behavior. 

ORDNANCE: 

Delivery pattern was approximately as predicted. The pattern was planned to give an 
average spacing of 71.1 ft. between incendiaries within a strip extending 271 ft. on each side 
of each centerline* and an average spacing of 102. 2 ft. In the intervening 158 ft. between ad- 
jacent centerline strips. The actual pattern was somewhat tighter than this with average 
spacings of 50-60 ft. along the centerline and about 120-130 ft. at the extreme edge of the 
pattern. The distance between adjacent centerlines could not be determined accurately, nor 
could the relative area receiving heavy and light concentrations. Our impression was that 
about half the area received heavy (50 ft. spacing) and the other half light (120 ft. spacing) 
rather than the 2:1 ratio predicted. 

The dispersal of incendiary material from the tail of the canister varied from 2 to 20 ft. 
depending on the angle erf penetration of the canister into the ground. No duds were found. 
However, many (perhaps 20%) bomblets were prematurely activated b>' contact ^^ith tree 
branches Ix^forc reaching the ground, and thermite ejects vms tamd up to 50 ft. from these 
()c)mb1et casini^s. Such premature activation would be 1m Ipj^l Im f<nilii|. fire providing that 
the liquid material would also reach the ground before bsKnt'.^ % ^ Accwse of the highly fire 
resistant nature of the ground fuels at the time of the wtrOat^ trmM determine whether 
ni:jl<»rial other than thermite had come down hot. 
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From thermite ejoela found remote from bomblet easin(;s in the swamp where com act 
wiih trees was impossible, it was evident that some additional bomblets had also activated 
prematurely, prt»ba!)l> at the time of the main M-30 canister opening. These should l)e con- 
sidered as duds since ejected material would bum out in the 5000 ft. free fall after canister 
opening. 

Except in the swamp, bomblets did not bury themselves deeper than 2/3 the length of the 
casing, even though the ground in the forest was quite moist and soft. In the swamp, bomb-* 
lets often buried themselves eompletely* But in all cases where bomblets were located, tail 
ejection had been sufficiently forceful to eject incendiary material at least a foot or two be- 
yond the impact crater. 

In summary, the M-74 munition in the M-35 cluster mode, dropped with a 5000 ft. fuse 
altitude is an acceptable and effective ordnance for forest ignition. 

DEFOLIATION 

Measured by color change, the double sprayings one month apart were extraordinarily 
effective in desiccating heavy triple canopy. The final spray with contact desiccant produces 
no color change, and since the weather precluded moisture measurements or meaningful fire 
l>ehavior observations, no evaluation of the effectiveness of contact desiccants on this opera- 
tion is possible. 

The overstor>' was almost completely killed and about 80% of the leaves had fallen. The 
middle canopy was 80% dead and had lost 15-25% of its leaves. The 20% of green material 
remaining in the middle canopy appeared to be a result of species susceptibility rather than 
spray penetration. The understory was about half dead - half green with clear eN'idence of 
both species susceptibility and differential spray penetration. Nearly 80% of the bamboo type 
species were green, about 1/2 of the low palmetto types appeared dead, and nearly :ill broad- 
Icavcd vines and shrubs were killed. 

FUEL COMPOSITION: 

Fuels in the surveyed area of Target C were heavy by Vietnamese standards. Total avail- 
able fuels were estimated at 35-40 tons per acre. The understory vegetation averaged sibout 
ir> ft. in height and consisted of a mixture of palmetto types, bamlxK) t>TX*s, broadleaved 
vines and tree scetflings. The middle canopy averaged 30-50 ft. in height and consisted alini>st 
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c niirrlx ,»r hroadloavcd tree species, mostly suppressed or shade tolerant U pes uith lar-c, 
thii k leaves. The up|x>r canopy was 80-120 ft. high. Since most of the upi)cr canopv was dc- 
folinled, species identification was difficult. Judging from the leaf litter on the Knuind, the 
prc(i<)?inn:mt species had small, thin leaves similar to ash or poplar* 

The litter layer averaged :J/4 inch to 1-1/2 inches in depth. A»x>ut 2/1] of the litter ap- 
I)oarcd to have come from the defoUated upper canopy. Horizontal distribution of liitcr was 
uniform. There were no barriers to fire spread with the exception of puddles of standing 
water in areas of poorest drainage. 

Vertical continuity was also good. Although the vines and suppressed seedlings alone di«l 
not have sufficient fine fuels to carry fire into the middle story crowns, about 1/4 of the for- 
ested area had sufficient additional fuel in dead brush and bamboo types to initiate crowning in 
the middle canop>\ 

FIRE BEHAVIOR: 

Essentially nil. Free burning spread outside the immediate vicinity of incendiar>- sets 
wTis confined to open grassy areas of good drainage such as the Dong Bo abandoned lancting 
strip, and the road banks on highway 323. In thi area surveyed by the evaluation team, it 
was a rare fire that spread more than 2 feet from the parent ignition source, and many spread 
only a few inches. The only fires still burning on Thursday morning were in ilead stumps, 
snags, and limb crotches where dry wood had been sheltered from the rain. In no obsen^cd 
instance was aerial vegetation ignited by fire in ground fuels. Fires in standing trees had 
evidently started from direct contact with incendiaiy material. 

These observations indicate that litter fuels were at or above their fiber saturation mois- 
ture content at the Ume of the strike (1410-1450 Jan. 1«). Either rain had fallen in the morn- 
ing of the 18th, or drying conditions were insufficient to remove the water absorbed from dew 
or ground fog during the night. 

In summary. Target C was just too wet to burn on the afternoon of Jan. IS. 

Craig Chandler 

U. S. Forest Service 
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Post Strike Evaluation Report PINK ROSE Target Area A 
29 January, 1967 
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OPERATION PINK ROSE 
Post Strike Evaluation of Target A 

Fri»m I0.;o u> 1230 on Sunday, January 29, 1967, a post strike evaluation was made of the 
effects of the Jan. 28 incendiary- raid on Target A, Landing could not be effected in either of 
the iy\o potential LZ sites due to intense ground fire and the lead pilots estimate that lx)th 
sites were booby-trapped. Consequently, evaluation ^-as limited to low level aerial sweeps 
over the target. No information was obtainable on onibfiance effectiveness, but special note 
was made of defoliation effectiveness » fuel compisitSoii^ and fire behavior. 

DEFOLIATION: 

Measured by color change, about 70^ *4 tkr lo rr rt rd area had been completely killed by 
double spraying. Ten percent dt the area had up to STt gntn leaves mixed with the brown, 
and 20% of the area had from 25-50% green leaves* The -greener'* areas were all in locations 
with double canopy, and were concentrated in fairly large blocka of 2-5000 acres. Not all 
double canopy showed green; in fact, most double canopy appeared completely dead at all 
levels. Riparian sites with palm type understories seemed exceptionally susceptible to chem- 
ical treatment. 

In summar> , desiccation efforts on Target A were effective, so far as could be deter- 
mined from aerial inspection. 

FUEL COMPOSITION: 

Fuels in Target A were slightly lighter than the average for Vietnam. Estimated weights 
of potentially available fuel were 4-5 tons per acre In the grassy clearings, 10-15 tons per 
acre in single canopy sites, and 20-25 tons per acre in double canopy sites. (It should be 
noted that aerial estimates of fuel weight are not too reliable.) 

Species composition could not be determined from the air, except for the fact that palm 
tviK> understories were confined to strcambank and marshy sites. Overstor>' composition 
was prol>a}jly different between single and double canopy sites, since trees on single canopy 
sitrs had lost virtually all of their leaves, while upper story trees on double canopy sites 
tiLinod :ipj>n»cialjlc foliage, probal)ly more than half. 
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Wuiiial c*<^ntiin:iiv ct^ulH m»l be readily deternSincd, but appeared to be adcciualc to sup- 
: ? t c rown fires in most dciuble canopy sites. Crown fires could not be expected in single 
I '.V p\ sites because of the excessive loss of crown foliage. 

In summary, at least one third of the area had sufficient fuel, brown ani arranged so 
thai, from close aeiial inspection, it should have supported crown fires. 

FERE BEHAVIOR: 

Only in the grassy clearings did fires spread well. Flame heights in the clearings 
reached 10-15 feet. Chemical treatment had no apparent effect on these clearing fires which 
burned identically to "farmer*' burns of similar clearings in untreated areas under similar 
weather conditions. 

Many downed logs and "nags burned fast, hot, and completely, leaving residues of white 
ash (a sign of good environmental conditions). Even the trunks of some trees uprooted by the 
December, 1966 B-52 strike burned to white ash, showing a higher rate of drying in heavy 
fuels than anticipated. 

Under single canopy, fires spread in ground litter for about !5 feet on each side of the 
incendiary set before dying out. Under double canopy, ground litter fires spread only about 
6 feet on either side of the parent ignition source. 

Approximately 7^% of the area in clearings burned over, while only about 0-12% of the 
ground area under single canopy and about 3-5% of the ground area under double canopy 
burned. The extent to which these fires removed underbrush could not be determined from 
the air. Crown canopy removal was definitely negligible. 

The incendiar>' strike on Target A can be considered as a definitive test of the operational 
feasibility of removing crown cover by fire in Vietnamese forests. The target was selected 
as l>eing better than average in vertical continuity. The area was double sprayed with herbi- 
1 ides with visually satisfactory results. The weather was as nearly optimum for burning as 
< an })c rea.sonaf>ly expected in Vietnam. Incendiary spacing was adequate to produce rein- 
forcing fires. But even under this favorable combination of circumstances, it was impos- 
sililc* to reduce the overaU fuel moisture content sufficiently to produce a crown fire. 

Craig Chandler 

U. S. Forest Service 
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1. Purpose 

This note constitutes a preUminary and informal summary of the results of the two 
PINK ROSE tests so far conducted under ARPA Project EMOTE, and discusses the advisa- 
bility of continuing with the projected third and final test. Although the opinions expressed 
here are mine. I have had the benefit of extensive conversations with Colonel C. E. Hammett 
(MACSA), Lt. Colonel K. A. Davidson (?• AF). Major H. M. Rosenthal (ARPA-RDFU-V), 
and Messrs. C. Chandler and Hlrsch (US Forest Service). 

2. Background 

As shc^wn In Table 1 below, there have been altogether four attempts to produce 
large-scale fires In the Jungle areas of South Vietnam. 
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TABLE 1. INCENDIARY OPERATIONS IN SOUTH VIETNAM 



Location 



Ordnance 



Area Diesel Oil Napalm #M*35 

Test Date Province Target Coords (kmh #A/C (Metric T) (Metric T) Clusters 



SHERWOOD Boi Loi 8 B57 

FOREST 31.m,65 Tay Ninh Woods XT5035 154 29 AlE 96 

24 CI 23 

Chu Pong 

HOT TIP 11.IIL66 Pleiku Mountain YA8900 14 13 B52 
PINK Long War Zone D 

R06E I 18.L67 Khanh (Target C) YT3744 49 30 B52 
PINK War Zone C 

ROSEn 28.L67 Tay Ninh (Target A) XT5580 49 30 B52 



2.0 



0. 25 



64 



255 



1260 



1260 



PINK War Zone C 

ROSE m 20.n-€7? Tay Ninh (Target B) XT1178 



vl 30 B52 



1260 



Based on the information gained from SHERWOOD FOREST and HOT TIP, an attempt was 
made to design the PINK ROSE series to optimize defoliation and choiee of weather conditions. 
A( cordinglN , three areas (Targets A, B & C) 7x7 km were defoliated during fall 196G. Tar- 
gets C and A were struck in January, with each of 30 B-52'8 dropping 42 M-35 incendiary 
cluster bombs fuzed to scatter their 57 M-74 incendiaries at ^ 1km altitude. Each M-74 in- 
cendiary consists of a nose-fuzed thermite stick surrounded by a cylinder containing 1. 23kg 
of PTl Jellied hydrocarbon which is ejected rearward Into a band perhaps 0. 5m wide and 
:\m long, depending on angle of incidence. With the seeding density of incendiaries used, 
a regular distribution on a square lattice would have yielded a spacing of 26m between igni- 
tion (>oints. 

Meteorological conditions for the tests are given in Table 2. 
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TABLE 2. METEOROLOGICAL TEST CONDITIONS 







# Days 


Temp 


RH 


WIND 


CLOUD 




Time- 


Since Rain 


m 




Cover 






















I- ( . ii r 


IGOO 


0 


74 


72 


2 


10/10 


!iOT TIP 


1400 


9 


94 


45 


10 


2/10 


PIM< ROSE I 


1400 




84 


65 


0 


•0/10 
(w. mist) 


nsK ROSE n 


1400 


5 


92 


52 


0 


2/10 



15 . Principal Technical Results 

The results f>f the four tests are summarized in Table 3. 



TABLE 3. INCENDIARY TEST RESULTS 

Guesstimated % Burned 



TOFt 


Smoke 


Cloud 
Rise (km) 


m 


Post 
Recce 


Grassland 


Forest 
Floor 


Crown 


Expls^ 
Fircf 


SUE R WOOD 


















FORKST 


dense 


2.5 




aerial 


5 


<1 


<1 


>5 


HOT TIP 


V dense 


G.5 




aerial 


DNA 


30 


17 


7 


PINK WOSE I 


dense 


1,5 


good 


ground 


SO 


2 


0 


>3 


PINK ROSE n 


V dense 


3.0 


poor 


aerial 


75 


10 


<1 


>15 



From the meteorological conditions alone — particularly the number of contiguous 
pri r ! i . s v^ithout rain ~ it is clear in retrospect that only HOT TIP and PINK ROSE II had 
( . ( n :» rc niotc chan( c of producing extensive burning. In fact, ground follow-up the day after 
i 1 K if SK I found the ^-round actually muddy in some places. Messrs Chandler and Hirsch 
; ^ { S I orcst Servil e attribute the relative excellence of HOT TIP. especially the crown 
Km , ; \;.!.irily t<»the mountainous terrain. That forest fires burn more fiercely on uphill 
, • : i-rr suniably due to a combination of better heat transfer ahead of the fire, favorable 
'i ;;i t aler drvjicss resulting from gfxid drainage. 
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In the abscncci>f ade<iuatc ground post-reconnaissance, several incUreci f;..'t<>rs must 
iK^ used t.) arrive ai an estimate of the extent of bum. The height of cloud lisv, coupled xsiih 
iiiforniation on the local temperature structure of the atmosphere provides an cstimau of th* 
total heat lilx^raled. Aerial pictography is useful in estimaUng the extent of grassland and 
cvnxs-n fires, but docs not \1cld information on the understorj' burn when the canop> is unaf- 
fected. 

The intent of the IR measurements is to determine the spreading rate of the under- 
storv fires and to follow the persistence of hot spots, both of which yield inforinaUon on the 
fuel condition and fire Intensity. Unfortunately the only successful IR measurements were 
those on PINK ROSE I. for which there was very slight M5cm) spreading about the ignition 
points. 

It is virtually impossible to convert visual observations on the smoke into anything 
aua»nit:iUvc. vnMe some fuels give smokes having characteristic colors, the ^olor of w(K)d 
smoke apparently depends to a considerable extent upon both particle size and moisture con- 
tent. 

The Forest Sei-vlcc representatives have provided the estimates givrn in Table 4 
for vegetation amounts In the several types of South Vietnam Jungles. 

TABLE 4. TYPICAL FUEL DISTRIBUTIONS IN SOUTH VIETNAM JUNGLES 

Understory Fuels (Below :]m) 



Grass L Leaf Litter Leaves Twics < I cm Dia. 



Juntilc U-pc 


Dr\' Wt* 


m. Water 


Dry Wt* 


@% Water 


Dry Wl* 


('•'.; Water 


Grassland 


10-12 


@ 8-11 










Single Canopy 


7 


^ 9-12 


4.5 


@ 8-11 


5 


(n- 40-50 








0.5 


0120-150 


15 


<>t 120-1 50 


Double Cano|jj' 


10 


mo-13 


10 


@ 9-12 


6 


40-50 








2 


(1120-150 


20 


("120-150 


1 riplc Canopy 


ir> 


©12-15 


IS 


w 11-14 


8 


vi 40-50 








15 


^120-150 


22 


*'< 120-1 50 



* Mc l j ic U^ns pi^r hectare (1 hectare = 0,01 km*^ = 2.47 acre) 



113 



4. Theoretical Orientation 

In nrcier to estimate the conditions required for effective jungle burning and to as- 
>i whether our test conditions are anj'^here close to these, we here examine the various 
s«Hjrc?s and sinks of heat energ> for the burning process. A convenient unit of cner^^y in 
which to express the various heat quantities is the Solar Minute (SM), i.e. , the radiant energy 
received from the sun per minute per unit area (at the equatorial zenith). The magnitude of 
the SM unit is 0. 8x10 erg per hectare, or 0. 2 tons HE equivalent per hectare. 

Since the energ> liberated by burning (dry) wood to completion is approximately 4 
times that from the explosion of an equivalent weight of HE, we may express the amoimt of 
heat released Q per hectare in terms of the dry weight W (tons/hectare) of fuel burned as* 

Q = 20W(SM). (1) 

If the fuel contains water in weight-fractlofi U tlie hezA imrestmeflt f«p-rrsftar>' to vaporize 
the water would be 

- 3,0 Wf (SM). (2) 

Since the wood wonH bum at the boiling point of water (lOO^C) we must Invest enough addi- 
tional heat to bring the fuel to the ignition point, which I estimate to be .lOO'^C. This ad- 
ditional heat investment is 

Qp - l.OW(SM). (3) 

Finally we need to include the heat of combustion q (per hectare) of the incendiar}* ordnance 
itself. 

Combining the heat generated by the burrang vegetation and ordnance fuel, and as- 
signing a heat transfer efficiency rj for the process of drying out and bringing the vegetation 
ahead of the fire U> the ignition point, the excess heat is simply 

excess heat - [ 17 (20 ♦ q/W) - (3. Of ♦ 1.0) ] W. (4) 



♦ Parcnthi'ticiilly, one might well ask why a forest fire has so mi ' -nore destructive effect 
tlKin say 20 W minutes of sunshine. The reason is that the heat li the fire at the burning 
is ^;rcatiy concentrated in both space and time, leading to a temperature high t Miough to 
propa-ate. 
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A lart;c |)4>siti\c excess heat shcHild lead to ^ood hurnin*;, while a snmll or negative 
i Nt I'ss will ^^vc very little area burned outside that actually splattered by the onlnanco fuel. 

For the 72,000 M-74 incendiaries in the 49 km^ of WNK ROSE I or II, the heal con- 
tribution q of the ordnance is readily calculated to be 

q - 0.9 (SM). (5) 

Sint e to represent a significant burn W must be greater than ^ 1 (metric ton/hectare), q/W is 
nesiliffibly small in comparison with the additivt! 20 in Eq. (4). 

The heat transfer efficiency 17 is very hard to estimate, since it depends sensiUvHy 
upon the geometry of the fuel (e« g. » logs lying in contact with tinder are more easily ignited^ 
However, we may turn the question around by estimating what value of the heat tran.sfer effi- 
ciency would be necessary to give zero excess heat, and see if that value appears feasible <ii 
achievement. Selling the excess heat in the above equation equal to zero and solving for the 
efficiency, we obtain 

V ^ (3.0f ^ 1.0)/20 = O.lSf ♦ Q.Oa. (6) 

Thus, for a moisture content f « 0.1 (Le*, Mlhyf ^ 7%; while for f 1.0^ -20't\ 

We know from the existenoe of forest Ores in western US that the efficiencies 5-10% 
predicted by Eq. ((>) to be recptired for burning dry dense vegetation containing only 10-20'T 
moisture are indeed achievable. Even greater efficiencies are possible on mnunt:iin slo|x^s 
under favorable meteorolt>gical and geometrical conditions. But the likelihood of achievirg 
anvihing approaching the necessary 20% or greater efficiency in the flat, moist Jungles of 
S)uth Vietnam seems ver>' small. 

it shnuld be emphasized that the above calculation is for orientation purposes only, 
antt ^lossc^s opver ^mch important points as the fuel distribution, the variable moisture content, 
the pr>or contact of the understory fuels with the standing trees and canopy, and the critical 
qu( stion of the rate of the burning process as of^sed to the thermodynamic admissibility, 
whirh is all this calculation addreFsej. 
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Oitstanclin;,; Technical Questions 

With the ix^ssible availability of one last test of the PINK ROSE scries, wc may usk 
\vh:U tcchmcal questions remain unanswered and what test parameters might Ix? altered to 
niMko opt?ratiun:U effectiveness more likely, 

a) Meteorology - Several days, perhaps preferably even two weeks, of dry hot 
weather should precede the test. In m CTZ the weather for late February or early March is 
probably as good for tMs purpose as we are likely to get, 

b) Time of Day -In examining whether 1400 hours is the best delivery Ume we con- 
sidered the possibility that the late*aflemoon beginning of the nocturnal inversion might en- 
hance the Hre b% lK>l<ti« tlie heat closer to the ground. However, prevailing opinion, based 
upon the (^yscrx^om tUr U^mgi fires rahsSde a^precijfcl> M aighl, la that any such inversion 
enhancement w«ild he »wr J.-^ cmprauted hy ll» grairr wtotvre absorbed as the after- 
noon temperature deciiaes. 

c) Onfaance Density -^mifle II %m cIm i rmm tie cak^latlofi of the previous section 
that a trcmendfius increase In onbuuice iknuft i waM he required to make any substantial 
contribution to the overall heat liberated, an tacraiM tt the density of ignition points might 
cause the ignited areas to run together and, through the mutual reinforcement resulting from 
the quicker burn, promote more deficient heat-transfer and drying of the overstory fuels. 

d) Ordnance Delivery Sequence - The observation that smoking wood fires can, 
un(!er certain conditions, be made to burst into flames by application of a match to the smoke 
leads to the quesUon whether it might prove effective to withold some of the incendiaries, 
dropping them Into the smoking regions perhaps 20 minutes after the first seeding. Our con- 
census is that this probably wouldnH cause any reduction in total burn, and might increase it. 

e) Effect of Terrain - While there is Uttlc doubt that SHERWOOD FOREST and 
PINK ROSE I were not even close to being marginally successful, the firing of Target Bunder 
N^traiher conditions similar to those of HOT TIP would permit a comparison of flatland vs 

nH)uniain jun^;lc burning. 

bi summar> I while there are some technical questions that the firing of Target B 
tiii-hl h< Ip answer, it cannot Ikj argued at this stage that these answers are likely li> ht»l(l any 
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premise for the development of an operationally effective method of jungle hurninj^ in South 
Vietnam. Against this pessimistic view we might note, however, that these operations have 
iKvnriuite successful in burning elephant grass and even in burning a substantial pt)rtion of the 
jungle in the mountainous Chu Pong HOT TIP test. 

0. Ancillary Military Effects 

In our disappointment over not being able to produce on call a specUcular jungle 
firestorm there is Hanger of overlooking the not inconsiderable military effects (cf. Table 3) 
which these incendiary raids have produced, effecU which may rival those of the average B-52 
bombing atUck« The most significant military factors ai^ar to be the following. 

a) Secondaries - ff several hot. dry days have preceded the strike, the Junglefloor 
leaf litter and understory fuels should be dry enough to cause appreciable spread of fires from 
the igniUon points. Under these circumstances it appears likely that inflammable surface 
structures and materiel would be ignited and damaged if not destroyed. Indeed, numerous 
secondaries have been observed. While such materiel is also vulnerable to GP bombs, we 
note that the area covered in PINK ROSE I or H, 49 km^, is per aircraft ^ 5 Umes that of the 
standard B-52 strike. 

b) Smoke - While the smoke generated, even in the poor PINK ROSE I event, ap- 
pcared ver> dense, experienced forest firefighters believe that trained personnel would have 
no difficult}' surviving. Untrained personnel, on the other hand, might paruc and be overcome 
or even burned. It is not known whether the hostile rifle fire encountered by the po9t-recon-> 
naissance heUcopter party on attempting to land In the HNK ROSE II LZ came from fiurvlvors 
or from outside enemy reconnaissance units. 

c) Psychological - There may be a psychological factor in adding incendiaries to 
all the other weapons systems the enemy has to suffer* He might well ask himself: "G<x>d 
grief! What next The psychological effect would, of course, be greater If some of the 
€ fK-nu were actually killed or injured, which stresses the importance of tr>'ing to get some 
fi^fltwck from captives or Chieu Hois who may have experienced or witnessed these events. 
f rumor we haven't been able to pin down has it that some 200 VC were killed by fire on 
Cfiti Pf)n^ Mountain, representing? alx)ut 10% of the total enemy strength believed to be located 
xhi'vv — roughly the same percentage as the area burned. 
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7. Conclusions and Recommendations 

a) We foresee no real prospeet of deriving a praetical method of achieving jungle 
i)urninj; of military consequence in South Vietnam, at least in the humid flatlands. 

b) In the drier, higher plateaus and mountains. Jungle burning might be made ef- 
fective under ideal weather conditions which, however, would seriously restrict the season 
and operational flexibility, 

c) Even in the flatlands the elephant grasslands have been demonstrated to burn 
efficiently, 

d) The favorable combination of high, dry and defoliated mountainous terrain in the 
western DMZ and panhandle might make it worthwhile to consider burning as an aid in imped- 
ing infiltration and in clearirig for better observation. 

e) We have examined the possibility of substituting for Target B in FINK ROSE m 
some other area of military importance that is both mountainous and already defoliated, but 
have found no such area in South Vietnam for which there is likelihood of suitably hot and dry 
weather in the next few months. 

With respect to the advisability of firing PINK ROSE m in the Target B area, 

i) While there are some interesting technical data (e.g. , the extent of burn, size 
of twigs burned, rate of spread, etc.) which PINK ROSE III would help nail down, we cannot 
argue that these data are critical to our understanding, 

ii) Nevertheless, upon adding to the desired technical data the not inconsiderable 
potential ancillan' military effects, I am moved to recommend proceeding with PINK ROSE in, 
provi(Jcd this docs not interfere seriously with other demands for the 3-52 resources, 

iii) Assuming that the decision is reached to stage PINK ROSE HI, I concur in the 
i (?commcndaUon of the 7** AF to reduce the area to one-third of the originally planned 7x7 km 
tar«a, without reducing the number of aircraft, in order to increase the density of ignition 

p';j nts, 

iv) I concur also in the firing date of 20 February nominated by combined ARPA/7® 
Ai PINK ROSE PI :uining Group, subject, of course, to continuing fair weather. 
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v) Finall> , it is essential to have detailed post-ground reconnaissance if we are to 
tilUiiin the technical data desired. 

W. G. McMillan 
12.n.67 
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FULL TRANiSLATION 

. \s ; k:>n_nam no lu-eratjon army 

\ : Ii:N _bA RJA and IJIEN >i6a/ province unit No, 30 /TB 

CIRCULAR 

On 17 and 2S J;inuarv 1907, the enemy D32 bombers dropped incendiary bombs in the vi- 
i ii\ uf war zone D to set fire to the forests in Suoi Bang area. 

Tliis type of bomb was contained in boxes of 32 each. The bomb, itself resembles the con- 
Mi licr of a 57mm recoilless rifle shell. When dropped, the boxes opened and released the 
ii«>m!..s. Some pierced the soil as deep as 30cm, some lay sideways on the surface of the 
112 • und. The bombs exploded and set fire to the forest. The phosphorous burned for about (JO 
socnnds, igniting tree leaves, especially dr>* tree leaves, because prior to the ibombing the 
oncniy sprayed defoliants on the target areas. 

At first the bombs produced white smoke which turned black after the forests caught fire. 
Som c s m all bombs did not explode until five minutes after they came into contact with the ground. 

These tx>mbs will cause innignificant casualties but some bums and damage to equipment 

(if f)rr( autionary measures are not taken). 

Precautionary Measures 

- The area around trenches must be clear of dry tree leaves for 1 to 2 meters (uncovered 
tiv nrhcs must !>c camouflaged with green tree branches). 

- Trenches must be provided with covers. In the trenches there must be cans of loodc 
.U!1, snnd or ash to put out the fire (if the fire spreads into the trenches) or cloth mats, gunny 
s.it ks, rtc, . . may Ix? used (l>etter when soaked in water) to cover the entrances of the trenches. 

- Dot umcnts, e<iuipmcnt, f^Kxl and other items must be properly kept in trenches prf>- 

vi«l< t\ uith covers. 

I poii receipt of this circular various addresscco will expeditiously disseminate it to take 
jn ( < autionary measures in time to foil the enemy attempt and preserve our forces. 

Truo copy No. /S/ 9 March 1967 

Hi » nlmtion: For the Province Unit 

1 1 \ ill.lue, agencies, units, District Party Headquarters Chicj^of Staff, 

< .ir v.iitee Security Section and District Unit. /S/ HA VAN THUAN 

i '<i Ml*' District Unit Heack^uartcrs clerk. 

> MiMi hoAng. 

END OF TRANSLATION 

KIN 

il)- .iu* tn raptured 27 March 19«>7, 15 km. NE <»f Vun<; Tau.) 
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SUMMAR^' • * . . ^ 
This report is limi^.ed essentially to an analysis of climatological 
and meteorological data related to Operation Pink Rose, conducted in 
early 1967. . 

A great deal of information Is readily available on the general 
climate of Sputheast Asia^ particularly the southwest monsoon season 
and the synoptic causes of it. We were more interested in the dry- 
season (October-April) climate commonly referred to as the northeast 
monsoon. Little information on this subject is available in analyzed 
form although a great deal of raw meteorological data are becoming 
available primarily due to the increased political activity in the area. 

The Siberian High dominates the Southeast Asian climate.. The 
seasonal north-south movement of the Intertropical Convergence Zone (ICZ) 
controls large scale flow regimes. Together, the Siberian High and the 
ICZ are responsible for the wet and dry seasons and their intermediate 
transition periods. The southwest monsoon season is much too wet to 
conduct burning experiments in nearly all of Southeast Asia. The dry 
season is interrupted often with convectively produced shower activity, 
but at times limited burning operations may be conducted. 

Tables of statistical probabilities (see Appendix 4) have been 
calculated to aid in planning burning operations. In two attempts to 
arrive at meaningful probabilities we have succeeded in bracketing what 
we feel are important parar^eters in conducting burning operations. 

The factors most critical to successful burning are the condition 
and arrangement of fuel and the environment within which it must burn. 



Sufficient drying after specified amounts of rain will produce burnable 
fuels. The proper environment is one in which air temperatures are 
high and relative humidities are low. The atmospheric lapse. rate should 
be unstable such that a fire-produced convection column can readily form 
to heights oiF 30.000 feet or more. Such an atmosphere is difficult but 
not impossible to come by in Southeast Asia, specifically South Vietnam. 
Perhaps, equally difficult is fuel conditioning in an environment not 
particularly suited to drying. It has long been recognized that wind is 
a major factor in evaporation and drying. Dense tropical growth may 
have sufficient wind velocitie. over the canopy to adequately dry crown 
fuels, but flow is light near the ground and low-growth fuels and. sub- 
sequently, drying is poor even though temperatures are quite warm. 

Meteorological aspects of three burning experiments are discussed 
in some detail. The first experiment was a failure due primarily to 
poor fuel conditioning. The second and third experiments were moderately 
successful. 



THE SYNOPTIC CLIMAT0L057'0F SOUTHEAST ASIA 
^ of Southeast Asia is dominated by the semi -permanent 

Siberian High and contro'lTed by the seasonal migration of the Inter- 
tropical Convergence Zone (IC7). Two primary flow systems in the lower 
troposphere, the southwest monsoon and the northeast monsoon, together 
with the transition periods between them are responsible for a wet 
season and a dry season. 
NORT+IEAST AND SOUTHWEST MONSOON 

The fundamental cause of the Indo-Asiatic monsoon wind system is 
(lifferential heating (or cooling) of land areas, as compared with sur- 
j-.rounding ocean regions. In winter, with the deficit of solar radiation 
>|.n northern latitudes, the land surfaces and the overlying air become 
■colder than the sea surface temperatures over the surrounding Pacific 
'and Indian Oceans. This tropospheric temperature difference aids in 
the formation of the large, cold semi -permanent Siberian high pressure 
area which'covers all of the Asian mainland. The clockwise low-level . 
flow of a1r around this high pressure area results in a general north- 
east wind regime (northeast monsoon) over Southeast Asia. 

During the' summer period the Asian continent is warmer than the 
surrounding oceans. The resultant temperature difference aids in forming 
a large, semi -permanent low pressure area over northern Southeast Asia 
and south of the Tibetan Plateau. The counter-clockwise circulation 
around this low pressure system results in southwest winds over much 
of Southeast Asia, These winds are known as the southwest monsoon. 

The transition from the southwejst monsoon to the northeast monsoon 
takes place, at the earliest, around the latter part of September. 
Unfortunately, onset dates of the northeast monsoon have not been 




established for individual years, w 

The northeast monsoon, period (October^pril ) is generally 
characterized by long rainless periods interspersed with relatively . 
short rainy periods. For example, during January and February the 
majority of weather stations in Southeast Asia have or..y, on the 
average. 1-5 days with rain above a trace. However, the topography 
of the area has an important effect on the spatial rainfall patterns 
with certain local cdastal areas receiving significant amounts of 
rainfall during the normally dry period. 

During winter, surges of the monsoon alternate with lulls.. Surges 
of the northeast monsoon are associated with deepening cyclones within 
the strongly frontogenetic China and Japan seas. Cyclogenesis 
accelerates the northerly flow west of the cyclone center and causes 
a "surge-. As the cyclone passes away to the east, the monsoon grad- 
ually weakens until the next depression develops. A monsoon surge 
reaches the tropics as an east-northeast wind and, as the colder air 
moves across the much warmer seas, convection clouds rapidly fom. 
Precipitation may result, especially along exposed coastal regions t)f 
Southeast Asia (e.g . north-central coast of Vietnam). 

Lulls between surges occur when the continental anticyclone, or 
a cell which splits off from it. moves eastward. Winds south of the 
high pressure center veer, convection clouds over the warm seas decrease 
and cooling along the coast may produce stratiform clouds. Little 
change occurs in short lulls but when they are prolonged, high pressure, 
over China may break down altogether and a ridge from the Pacific anti- 
cyclone extends across the area and onto the mainland. These conditions 
may eventually lead to the development of "crachin" along the northern 
coastal regions of Vietnam. . . 



SUB-TROPICAL JET STREAM 

During the transitionaV period between the southwest monsoon and 
northeast monsoon a significant. change occurs in the upper-level flow 
over south China and southeast Asia. Perhaps, the most significant feature 
is the establishment of the sub-tropical jet stream along the southern edge 
of the Himalayas. Its onsiet is abrupt, first becoming evident over north- 
west India in late September or early October, and then advancing down- 
stream at about 3 deg. longitude per day, Once the jet 'stream is estab- 
lished south of the Himalayas its position remains almost stationary through 
out the dry reason (Yeh 1950). 

Over the southeast Asia region, subsidence is both more intense and 
confined then over North Ame^rica. Widespread subsidence occurs south of 
the jet stream over northwest India. However, over northeast India and 
southeast Asia, north of 15N, juxtaposition of jet-stream and convergent 
upper-level (300-200 mb) southwesterlies of equatorial origin seem to 
result in much more vigorous; subsidence downstream. The excess of air at 
high levels, which can escape neither north nor south, subsides downstream 
in a zone, which has rather rigid latitudinal limitation. It has been 
suggested that the cool-season aridity of Burma, Thailand, and Indo-China 
results from compensating subsidence and low-level divergence beneath upper 
convergence. (Ramage 1952). 
TERMINATION OF THE DRY PERIOD 

A pronounced warming trend over the mainland of southeast Asia and 
southern China begins in March, April and continues into May. During 
this time screen temperatures may reach extreme values varying from TOO 
to 114^. A general increase in rainfall is also observed. 



The northward advance of the monsoon westffrlie^ southwest monsoon) 
begins with this warming trend but the principal advance over southeast 
Asia occurs in conjunction with tropical cyclpgenesis in the Bay of Bengal. 
The mean calendar date of the onset of the southwest monsoon has been 
established around 17 May with an approximate range of 33 days. 

The onset of the southwest monsoon ushers in the sumn-.er period of 
disturbed weather in which thunderstorms and squall-lines become more 
frequent over the south Asia regions. An inspection of daily single- 
station rainfall amounts for stations in Burma, Thailand, and the wind- 
ward side of Vietnam show general increases in the frequency and amount of 
rainfall . 

During the period of the onset of the southwest monsoon another abrupt 
change. occurs in the large-scale circulation features. The sub- tropical 
jet stream south of the Himalayas weakens and eventually disappears, the 
polar westerlies shift northward in conjunction with the sub-tropical ridge 
and eventually the upper-level winds (300-200 mb) shift to easterly direc- 
tions over all of southeast Asia. 

SYNOPTIC SCALE WEATHER SYSTEMS WITHIN THE COOL SEASON 
1 . Crachin 

The "crachin" of the coastal regions of northern Indo-China and south 
China is a humid period of fogs and drizzle or light rain which sets in at 
about the time of the normal annual temperature minimum, generally toward 
the enjl of January, and interrupts the dry season. The crachin. may persist 
into niid-April, gradually merging with the rains of the rainy season proper 
Though there may be prolonged precipitation, the amounts recorded are small 



It has been suggested that crachin may develop in two. ways: (1) as 
the result of mixing of two nearly saturated air masses along a frontal 
surface, and (2) by surface cooling of a warm moist ^ir n«ss. The latter 
is. a'^mcst always the cause of the worst and nost persistent crachin. 

The trend in monsoon surges and lulls is toward an increasing number 
of easterly surges. Increasingly long lulls between surges and more per- 
sistent crachin, as the dry season advances* Turbulence, topography, 
diurnal heating, andj dew point/sea temperature difference, all play impor- . 
tant parts in determining when and where crachin will develop and what 
form it will take. The interrelation of these factors along the coast 
may be extremely complex* 

Since the vigorous crachin usual ly occurs in th"^ cooler trough ^egion 
west of the surface high, it is associated with local winds veering with 
height. Surges of the northeast monsoon may be important crachin modifiers 
However, from February onward even moderate surges may not dissipate crachi 
for the air behind the front can still be undergoing surface cooling along 
the coast. 
2. Tropical Trough 

"Tropical trough" is a name given to an upper-level disturbance which 
appears around mid-January over southern India at and above 30,000 feet. . 
The trough, moving eastward, sharply interrupts the prevailing upper 
tropospheric southwesterlies. The lower troposphere is little affected 
until the trough reaches the Andamans but from there on it intensifies and 
colder air moves in from the north. 



Once over Thailand or Indo-China, a tropical trough may remain sta- 
tionary for a week or more. The reason for this may lie in the long-wave 
pattern of the low latitude polar westerlies- 

The first sign of the eventual dissipation of the tropical trough 
comes with reappearance of the upper southwestern ies over southern India. 
Spreading northeast, they reestablish with the low-latitude polar wester- 
lies, creating the normal pattern of high-level convergence in the region 
of the tropical trough. The trough weakens or dissipates in situ , although 
it may sometimes move eastward if the low-latitude portion of an Asia Minor 
trough has already spurted to move eastward. The sub-tropical ridge moves 
north to its usual latitude, and weather returns to normal winter con- 
ditions. 

The "tropical trough" occurs from three to six times in a cool season, 
but has not been observed to develop much before mid-January. From there 
on. it is increasingly common, being the major rain producer for the dry 
belt during March and April. The monthly variation in occurrence probably 
results from increasingly frequent breakdown in the upper southerlies to 
the south and west of India as the season advances. The reason for this 
is not known, 
3. West China Trough 

In winter the major Far Eastern long wave mid-latitude westerly trough 
lies along about 125^E. Surface cyclones usually develop east of this 
longitude. However, a few times (rarely more than four) every cool season 
the trough along 125^E dissipates or moves rapidly eastward. A warm ridge 
extends westward from the Pacific anticyclone bringing fine weather to China 



and sea fog to the China coast. The Siberian anti-cyclone retreats north- 
ward and westward over south China with dew point and temperature rises, 
and pressure falls. At this state, a trough in the westerlies moving east 
from India will intensify over west China. This results in the region of 
surface cyclogenesis being displaced about 20 degrees westward. 

Occasionally, a west China trough situation lasts from ten to twenty 
days. However, when the trough finally moves eastward to its normal posi- 
tion the continental anticyclone is restored to its usual position. Toward 
the end of April this situation ceases to be of significance. 

The west China trough situation is usually favorable for "crachin" . 
development but further research is necessary to ..stablish the effect of 
this situation on the weather of southeast Asia. 
4. Tropical Cyclones and Easterly Waves 

In most parts of the world, during winter, the sub-t^-opical ridge 
slopes equatorward with height and usually reaches to within 10 to 12 
degrees latitude of the equator in the high troposphere. Over southeast 
Asia and the Philippines, however, the ridge axis above 700 mb is almost 
vertical and is found between 15 and 17^N. 

South of the ridge, in the region of deep easterly flow, disturbances 
typical of summer continue to be observed. Tropical storms or typhoons 
may persist there for several days, usually dissipating when a strong 
northeast monsoon surge feeds cold, dry surface air into the circulation. 




Waves in the easterlies are not uncommon. They propagate slowly west- 
ward^ with lew-level divergence and fire weather ahead, and low-level con- 
vergence and precipitation behind. 

Tropical cyclones develop in the southeast Asia waters. (China Sea and 
Bay of Bengal) any time of the year but are more frequent during the 
transition periods (September-November; April-May) and during the southwest 
monsoon (May-September). 

i 

The rainfall in Indb-China and Thailand during the fall transition 
period (September-November) is due primarily to tropical cyclones moving 
from the sea to the land. During this period, especially south of 30^N, 
the situation is one of ebb and flow between the northeast monsoon and 
typhoons; the latter dominate at first, but by January only feeble storms 
or weak easterly waves penetrate west cf 125^E. 

Easterly waves are relatively more common than tropical cyclones in 
mid-winter, but they seldom produce rain in the region of extremely shallow 
low-level easterlies north of the sub-tropical ;idge aloft. 

Occasionally, the superposition of a wave in the easterlies on a trough 
in the polar westerlies may result in mutual intensification and general 
rainy conditions. However, the frequency of this type of situation is 
unknown. 

Tropical cyclogenesis in the Bay of Bengal and to a lesser extent in 
the China Sea precedes or coincides with the onset of the southwest, monsoon. 

A large number of tropical cyclones that develop In the Bay of Bengal 

during May often track to the northern sections of the Bay or into Burma. 

These storms with a northward track are often accompanied with deepening 

monsoon westerlies in their right-hand sectors. It is these westerlies 
|ffrr^. ' p-^-. — -.j^ -11- 




which usher in the southwest monsoon over southeast Asia and terminate 
the prolonged winter dry period. 
MESOSCALE WEATHER SYSTEMS 

The predominate mesoscale weather system is the thunderstorm or squall 
line- During the dry season conventional surface heating aided by oro- 
graphic influences provide the possible trigger mechanism for such storms. 
However, certain synoptic disturbances which augment the low-leve: con- 
vergence, e.g., "tropical trough", easterly waves or tropical cyclones may 
increase thunderstorm or squall -line development. 

Generally speaking, good observational data for mesoscale weather 
systems are Tacking for southeast Asia. 
LOCAL EFFECTS 

Many of the local effects on meteorological elements are produced by 
topography. Meteorological observations are usually lacking in the 
mountainous regions. Therefore^ it is not too surprising to find little 
written on the subject except perhaps in the broad-scale sens<». 

Examination of mean monthly rainfalT charts for southeast Asia 
indicate in general terms the influence of the topography. During the 
southwest monsoon, rain shadow regions can be observed in the Irrawaddy 
Basin of Burma, the central Valley in Thailand, and to a certain extent 
on the leeside of the Chaine des Cardamomes in Cambodia. 

Geographic enhancement of rainfall can be observed on the windward 
sides of the Arakan Yoma and Bilauk Taung in Burma, Trengganu Highlands 
of Malaya, Chaine des Cardamomes of Cambodia and Chaine Annamitique in 
Vietnam and Laos. 



During the winter or cool season » rainfall is augmented along the 
Chaine Annamitique in Vietnam due to the forced ascent of the northeast 
iTionsoon. This also occurs along the extreme southern peninsula in Thailand 
end the Malay peninsula, . 

Foenn winds have been ^oted to occur in certain regions of Indo-China, 
During certain synoptic situations a warm, dry wind descends from the 
Western highlands of Laos causing very uncomfortable conditions along the 
north-central coast of Vietnam and possibly in regions of Laos and Thailand. 
Strong foehn conditions may also be observed on the leeside of the Chaine 
Annamitique in Vietnam during strong surges in the northeast monsoon. 

Along coastal areas land and sea breezes should be expected. However, 
little information is available on this subject for southeast Asia. 

FIRE WEATHER PROBABILITY IN SOUTHEAST ASIA 
ASSUMPTIONS AND LIMITATIONS OF THE DATA 

Fire Weather Probabilities.— Several stations in southeast Asia for 
which data in "N-Summary" form were available were used as a basis for 
computing the probability of target readiness for Project Emote operations 
(Appendix 4). The format illustrated in Table 1 is similar to that usee 
in an earlier report (Forest Fire Research Final Report, Phase .1, Volume 2) 
with sane significant changes. First, the basis for the input data has 
been changed in light of the new requirements for accumulating drying days. 
After a light rain ( ^ 0.2 inch), 1 drying day must occur before target 
readiness is achieved. After a heavy rain ( > .2 inch), 3 drying days 
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dust ba accumulated. A drying day is defined as one in which fuel -moisture 
content will decrease, finally down to equilibrium level. Specifications 

for a drying day are: 

1. No rain has fallen in the preceding 24 hours. 

2. Mini num relative humidity drops below 70 percent. 

3. Afternoon cloud cover is less than 3/8. 

A second difference is that column XX in Fig. 12 of the Phase 1 . Volume 
2 report has been expanded (see Table 1) to include more than one site after 
a heavy rain. 

. There are five input probabilities for each station for each month. 
Referring again to Table 1. note these probabilities are as follows: 
0.0T5 = Pu ' probability of a heavy rain within a day 

■ * H 

0.031 » Pl » probability of a light rain within a day 
0.105 » P « probability of an overcast day 

0.437 « = P'"0''^''^^^^y °^ * "^^^ 
0.4\2 • P * probability of a clear day. 

P„ and Pl were detennined from "N- Summary #3" data which are pre- 
cipitation amounts grouped in classes and mean number of days/class on a 
monthly basis. For our purposes > 0.004 inch was defined as a rainy day 
and this data together with the class >.39 inch and > .99 inch were 
plotted on semi-log paper and an interpolated value for > .2 inch was 
determined from the graph. This value was the number of heavy rain days. 
This value subtracted from the total rain days { > .004) gave the number 
of light rain days. Then 




• number of heavy rain days 
=. number of cases 

p « number of light rain days 
L * number of cases 

The cloud cover prpbabnities were detefinined from "N-Summary 17" for 

the local time nearest .1400 LST. N-Sumnary 17 (mean number of days with 

Indicated total and low cloud amounts) groups data by cloud cover classes 

as 0 . 1/8. 0 - 2/8 { < .25), 3/8 • 5/8 (,25 < N < .75), and 6/8 - 8/8 

( .75). The interval 0 - 2/8 is defined for our purposes as being clear, 

3/8 • 5/8 as being 50 percent cloud cover, and the 6/8 - &/8 interval as 

being 100 percent cloud cover. Then 

P a QM^rcA^t « number of days 6/8 - 8/8 cover 
a '^v^'^a^*' number of cases 

• 50 percent c...r . g^^s'^ ' ^ " 

P « clear * number of days 0 * 2/8 cover 
c * number of cases 

It is realized that these approximations for cloud cover and interpolated 
rain values leave something to be desired. But it is not unreasonable tn 
assume that for a first approximation, considering the tyoe of data which are 
available, that the statistics can have meaning in a general sense if usee 
intelligently. 

COMPUTATIONS OF FIRE WEATHER PROBABILITIES 
1 . Single sites 

Given: 

P p o p p 
/^H* ^L* ■ a' ^b* c 
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Assuming that: 

a. Present weather is itidependent of past weather . 

b. No drying occurs on rainy or overcast days (zero "dryina 
days"). 

c. A halfrovercast day l.s equivalent to one-half "drying day". 

d. A clear day is equivalent to one "drying day". 

e. A fire will burn if 3 or more "drying days" have accumulated 
since the last heavy rain>0.2 inch provided that 1 or morie 
"drying days" have accumulated since the last light rain. 

What is the probability that at least one "burning day" will occur 
wi whin an N day weather watch, (N » 1 , 2, . . . . » 15) , if 

A. When the. weather watch. is instituted, 2 "drying days" have 
accumulated since the last heavy rain? 

B. When the weather watch is instituted, no "drying days" have 
accumulated since the last heavy rain? 

We recognize that a given site on any given day may require 0, ; , 

1, Vv, , 3 "drying days" before being in a suitable condition for 

burning. Thus a site may be described as being in one of the followinq 
states: 



state Dryii j Days Days Since Days Si^de ' . ; , 

Number Neeaed Heavy Rain Light ^ig 

3 2 1 - . 

4 M U . •-■ ••■ 

5 1 . 2.0 . 

7 0 3 1 ;■ / 

H » " . . • 



The desired probabilities for questions A and B above are th^n; 

A. The probability that a site now in state 5 arrives in sta|e 7 .. 
in no more than N steps. 

B. The probability that a site now in state 1 arrives in state 7 
in no more than N steps. 

We have assumed, that present weather is independent of past weather, 
which of course it is noti However, the degree of dependence -fs unknown. 
As a first aoproximation we nave assumed dependence of present weather on 
past weather to be small and have formulated the problem as a Markov .Chain; 
that is, the process of drying may be described as a random or stochastic 
process which moves from state i to state j with probability q'\jj where th 
depend only on the present state of the process. 

The matrix Q' of single step transition probabilities q'^j-... "-^^^^ 
of the P. described earlier are given in Table 2. The probabilities we 
require for questions A and B can easily be derived from these single step 




TABLE 2 - MATRIX Q.' OF. SINGLE STEP TRANSI . 'ION PROBABILITIES 
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Where HLa » Pu + P, • P, ; 

M L a 




probabilities. We forn, the matrix Q (see Table 3) from 0' by .aking 
state 7 an absorbing state and computing the N step transition matrix 
q(N) by raising Q to the N-th power. The desired probability for question 
A is then and. for question B.^S^J- Both occur in the right most 
column vecto; of the matrix. Hence, instead of Q^'^^ we may compute Q ' Q 
where q is the seventh column of q. . The computations were oerfonr.ed 
from right to left as: 

Q(Q(Q( (Qq. ..;.)))• 

■ Each multiplication was then a matrix by a column vector; no multi- 
plication of Q by itself was necessary. 

2. Multiple Sites 

Find the probability that at least one of M.sites (M - 1.2. ....10) 
will experience at least one •■burning day" within an N day weather watch 
(N = 1. 2. "15) if. when the weather watch is instituted.. 2 "dryinc, 

days" havi accumulated at each site since the last heavy rain, and also 
under the assumption that no drying days have accumulated since the last 
heavy rain. 

These probabilities were calculated from the formula: 
P = 1 - (1 - Pk,)" 

Where 

P . desired probability for M sites and an N day watch. 
» Single Site probability from 1. (qgj) or [q^j) 
■The basic assumption here is that the weather at one site is 
^^^^eeenden^ 

. This Obvious error will be minimized during the drier months when rainfall 
is essentially of the shower type from air mass rather than f.-ontal 
... ,..,..,.^..,1 .,4n showers tend to be random .in their pccurrer.cs 




TABLE 3 - MATRIX Q OF N STEP YWNSITr ON PROBABILITIES 
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Where HLa = Ph * ^L * ^a ' 

H = P \, ; 




a-i in this sense the argument for site Independence is oresented. 
3. Unconditional Probcbi 1 i ties 

What is the probabUny that a random day is a burning day? 
• ^or the solution" to this problem, we' return to the matrix Q* 
of section 1. The desired probability. U. is the probability that the 
process is found to be in state Tea higher state on a random day. 
If the u. are the probabilit-*3s from the stationary distribution of 
the chain then 

U = : u. = 1 - ^ u. .. 
i=7 ^ ixi 1 

The stationary probabilities satisfy the system of equations. 

u Q' = u . 

where u is a row vector wiwn elements u. and Q* the extension o* Q. 
A stepwise solution of the system for the first ten u^ was obtained 
with the following formulae: 

where i = 3, 4 
"5= CP, "3 * Pb «4* Pl 0- "i); / (1 - 

A. Days that Burning Operations ?re Possible. 

How many days are burning operations possible at any location in 

any month? 

The number of days equals the unconditional probability, u, times 
the number of days in the month in question. 



ANALYSIS OF NUMBER OF DAYS THAT BURNING IS POSSIBLE 

In Phase 1 of Project EMOTE, restrictions on amounts of rain and 
nur.ber of drying days were recognized to be too severe. In an effort to 
remedy this we. have gone too far the other way in establishing a heavy 
rain as >. .2 inch /day and reducing the number of drying days to 1 after 
a light rain and 3 after a heavy rain. A comparison of map analyses 
of the two sets of conditions readily bear this 04Jt. We have the advantage 
now of at least knowing the limits within which we can operate^ Thoy are 
as follows: 

a. After a heavy rain (> .2 inch) 3 drying days are not 
enough and 5 drying days are too many. 

b. . After. a light rain U .2 inch) 1 drying day is not enough 
and 2 drying days are too many. 1 

These limits would apply generally to the dryer months - November 
through March. It is recognized that only in isolated areas could a 
successful operation be conducted in the rainy season. For convenience 
In comparison, two maps for the same month appear on each page (see 
Figures 1-12). The map on the right illustrates too liberal restrictions 
on burning operations while the one on the left illustrates too con- 
servative restrictions.. The liberal analysis (right chart) appears to 
be quite sensitive to the prevailing monsoon flow, certainly much more 
so than the conservative analysis. One can readily see the effects of 
prevailing southwest flow moving northward from Malaysia beginning in 
March and continuing through November while the effect of northeast flow 
can be seen from October through February. September and October, as 
well as February and March, are transition months. The interior of the 
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Indochlnese peninsula continues to be relatively dry from October to 
April when compared to the coast. From May to Septe.'^ber the nurber of 
burning days in the interior are reduced relative to coastal areas. . 
One would tend to conclude from these analyses that the total numbc^ 
of burning days are generally much greater in tY,e interior Korat platea-j 
region and variable with the seasons along the coast! i-nes. The data are 
also sensitive to elevation with higher locations nearly always having 
more possible burning days than the lowlands. For this part of the world 
such a conclusion seems reasonable in light of the fact that when we . 
talk of lowlands we generally mean high rainfall areas and lush jungle- 
type vegetation. Our test operations would tend to confirm that only 
under the most ideal conditions can moderately successful burning take 
place in the lower elevations. Two tests actually took place in Janu3>-y, 
the month when success was most likely and on only one of these days 
was modest success achieved. 

THE BURNING EXPERIMENTS 
Three burning experiments were conducted in South Vietnam in ec^ty 
1967. They were referred to as *'Pink Rose I. II, and III". The targets 
were ignited by clustered incendiaries dropped from B-52 aircraft on 
January 18, 1967 (Area "C"), January 28, 1967 (Area "A") and on Apr:! 4> 
1967 (Area "B"). The civilian advisory team observed the experiments 
in Are^s "C" and "A" only. Meteorological data for area "B" was pre via-.: 
by the First Weather Group, and comments on what was observed reflect 
the interpretation of personnel who saw the burn and reported on t^eir 
observations. 

The burns were not particularly intense, and in no case did ar. 

.,..-<•• .'^ \\ 

actual firestonrt occur. where^al 1 major burning elements contributed tc 




r 

a single convection column. There were hot spots in each burn, althOyigh 
in Ared "C*' these were short-lived. Ground reconnaissance after each 
burn indicated T.any areas of unburned fuel, which is ample evidence of 
the relatively light fire intensity. 
PINK. ROSE I. AREA C, 18 JANUARY 1967 

The first experiment (Area "C"» Figure 13) was ignited at 1409 LST, 
Jar^ary 18, 1967 under extremely unfavorable atmospheric conditions for 
Durninr; tropical forest fuels. The atmosphere at TOT was cod, moist 
and stable— characteristic of the periodic lulls In the relatively dry 
northeast monsoon. 

The southern portion of the Siberian High was dominating flov,. 
over South Vietnam. Low level winds were light and northerly. Fiqure U 
illustrates a surface pressure analysis and gradient wind level stream- 
line analysis for OOZ (0800 LST) for 18 January 1967. Southeasterly flow 
frcfT. the 850-500 millibar levels on. January 17th (Figure 15) becan^e ^uch 
more pronounced on January 18th (Figure 16) with development north of 
Phillippines of a strong anticyclone in the upper levels through. 200 
millibars. Unfortunately, southeasterly flow advects moisture ove'- South 
Vietnam and the result is evidenced by the dense cloud cover illustrated 
by the Nimbus II satellite photo in Figure 17. The Tay Ninh and Bien Hoa 
RAGSs, Figure 18, show considerable moisture on the. 18th. Tay Ni.ih much 
farther inland near the Cambodian border has increased moisture in t^e 
nidule layers and slight drying in the lower layers which is most V. . 
caused by nonrial diurnal warming and mixing from afternoon heating. 

Target area weather was. represented by Bien Hoa--located abojt 12 
statute miles southeast of target "C". Table 4 illustrates daily we^t-fcr 

U.c:.:i--^^^ -37. r ■ ' 




Figure K.— Surface pressure analysis and gradient wind level strej.Tilira 
analysis, 00Z(08L). 18 January ^L?47. 





TABLE 4. DAILY WEATHER OBSERVATIONS rOR BIt>f HOA (af<l AND T AY NINH {-H) 
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Note 



Observations tor Sien Hoa and Tay Ninh froT c^i>ijdry 7-31, 19^:7. 
tre srr. temnerature for Bien rica on the IStn is relati'.eiy cc: ) for • 
January. On the other hand tne cew point of 61°?. and relative 
huTiidity of 50 percent appear tc indicate moderately dry c.-r,,izicn^ : 
.'r.e atniosphere was quite stable, however, with a ShowaUer Index of 
. -^7.0 by 1400 LSI at Tay Ninh. Earlier at Bier. Koa a *6.n Showjlter 
IndCA, together with the moisture advection. confims tr,e enc of a 
warn-,, dry unstable Period which began on January 9 and continuea thrcjc^. 
the 17th. abruptly ending on the 18th. This can best be illustrated 
with the vertical time section of temperatue minus dew point at "ay Ninh 
Shown in Fiqure 19. Significant cooling and increases in moisture are 
aooarent at nearly all levels starting on the 17th and continu^nq tr,rc:jqh 
the 24th. It rained at Bien. Hoa cn 5 days of this period anc 3. C2,'S a: 
Tay Nrnh (Figure 20) . 

Based on the January 18 RAOB at Tay Ninh (140Q LST) the cop- 
vective condensation level (CCL) at 13.00Cfeet MSL nre-determined a 
convection temperature of 113°F. to establish a oood conveccicn colu'-n 
•Figure 18c). With a maxinum afternoon temperature of 81°F. at Sien H-,a 
?ius a 10°F. effective increase from good combustion the nec.ess:r • . 
was completely out of the question, Table 5 indicates observed wee.the.- 
parameters at ignition time on the 18th. Diurnal variation o' '-nt.er3r;.re, 
dew. point and relative humidity on January 18 are illustrated for Su 
in Ff-ure 21. Temperatures decreased rapidly after 15C0 LST witr, cirr. 
sonaing increases in relative humidity. Of more significance, nc ever. ■ 
is. tne gradual rise in dew point throughout the day-indicative t-e 
.ncist air advection already discussed. 
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Ficiure 19. -Vertical time section of temperature mnas dew 
at Tay Ninh Airport, 10-29 January 19o/. 
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TABLE 5.' WEATHER OBSERVATIONS AT 1400 LST, 18 JANUARY 1967 



Temperature 
Dew Point 
Relative Humidity 
Sky Condition 
Stability Index 
Preci citation 

Days since Precipitation 
Dryinq Days 
Precipitable Water 



Bien Hoa 
81°F 
61°F 
S0% 

25®10p(D)/© 
+6.0 (0200L) 
.02 inch (1800L) 

6 days 



Tay Ninh 
79°F ■■ 
61<^F 
54S ' 

^^o<S)/® 

+7.0 

T (Ton Son Nhut 
.05 inch) 

14 days 

3+ (0800L) 

3.27 (0800L) cm 




re 21. --Diurnal variation of tenserature. dew point and 
relative hun^idity for Bien Hoa, 18 January 1967. 

^^^▼JV ^ 
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• Althougn. fuels were dry (no rain had fallen for 6 days) and the 
target had accumulated the prescribed 3 drying days, low clouds and a 
hiQh overcast limited solar heating significantly so' that a cool tern- 
erature and rising dew point were enough to make the exoeriment a 
failure. 

The convection column reached its maximum height at 1454 lST 
(TOT * 45 minutes) and was estimated by aerial observers to be at 
4,G00 MSL. This top was not detected by radar. Observers noted that 
only a small portion of the northwest corner of the target was burning 
with any great amount of flaming. Assuming the Tay Ninh RAOB as ■ 
representative of the targ.t at 1400 LST that small portion of fire was 
generating an equivalent temperature at the surface of aporoxi.ately 
S5°F., seven degrees of which might be attributable to the fire- itself. 
An inversion near 2.000 feet effectively suppressed the remainder of the 
fire. 

Although virga was observed between lOCO and 1100 LST over the 
target, no rain was measured at the surface (Bien Hoa) untn 1800 lST 
when .02 inch was recorded. Precipitation had beer forecast 24 .our. 
prior to TOT. 

PINK ROSE II. AREA A, 28 JANUARY 1967 

the second experiment (area "A". Figure 13) was ignited at 1405 LST 
January 28. 1967 under nearly ideal atmospheric condition.. Northeast 
monsoonal flow was well established. No precipitation had fallen for 4 
days and fuels were well conditioned by previous warm, dry days, -oai- 
under the influence of the Siberian High. Figure 22. the target are. 
"A" was exposed to strong northeast r^ohsoonal flow from the grad^sn". 
wind level up to 300 millibars. Figure 23. A strong ^nticycl^gas _ 



Iccdt-- over tr.e rorth Indo-Ch'nese peninsula or^ January 27 ancJ 2d. 
T'-v. . :v.ci::;>^ere ♦•.as inoderately unstable at TCT due ori'^arily to ^-^r-'ace 
^eatinc and dry air aloft. Thin clouds are dDpa*^ent in Nitdus I! 
:r.:tcs for January 27, Figure 24. 

Target "A" was located about 25 statute riles f:C-.':hc-a3t 'e.. 
N'inh which was the nearest regularly reporting unper-air station . 
Nctir.r Table 4 anc Figure 20, January 28 was one of the better day? to 
corduct a burning operation. At Bien Hoa, temoeratures at UOO LST 
had been increasing and humidities had been decreasinc daily since ' 
January 24. Tay Ninh continued to be quite warm although sope.wh<»t 
r.ore variable. Oew odint and humidity continued to drop after ta'^cet 
ignition to mininum values of 66^F. and 46 percent while surface temp- 
erature remained at 90'^F (Figure 25). Table 6 indicates weather oara- 
-eters at TOT for Tay Ninh and Bien Hoa. Although the analysis in 
ri^ure IS indicates January 28 to be at the end of a dry period s;-:^m- 
in :T:agri tude. to the period ending January 17 and 18 tnere ^r.t; .Trjr 
difference between the two. 

Surface te^r^oeratures are nearly IC^F.. higher on the 27tn and ci^r. 
Also d stability index of +4.5 on the 28th indicates a relatively u?^st 
dt^osohere. The CCl at Tay Ninh at 1200 LSI on the 28th (Figure 26; 
was at 9,400 MSL. A surface temoerture of 107^F. was recuired to esta 
a good convection column. With a surface temperature of SO^F this w.^: 
recrly hopeless to achieve even with the estirnated lO^F. ass-st rrr- 
lood combustion. At 1413 tne smoke layer was at cloud base (TO' ^.^ 
:'^*;'^u:es ) . An inversion base at 5,600 feet MSt (figure 25- coin:i:lec 
•vif -eosurei c'oud tops over target and vicinity. Aerial observers 
e'^tir.ated column height at 9,000 feet MSL. Radar at Ton Son ^'yi^'*^! f 
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Figure 25. -Diurnal variation of temperature, dew point 
relative hu~.idity for Tay flinh, 28 oanj^ry 
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TABLE 6. WEATHER OBSERVATI-ONS, 4400 LST, 28 JANUARY 1967 





Bien Hoa 


Tay Ni nh/ 


Tenipsrature 


90°F 


90° F 


Dew Point 


• 66°F 


68°F 


Relative Humidity • 


45% 


48% 


Sky Condition 


25©/-0 . 


400/0 


'Sterility Index 




+4,5 


Precipitation 


0 




Days since Precipitation 


4 days 


4 days (OS 


Drying Days 


3 * (;02 on 1/23/67) 


3 + { .76 on 



(Ton Son Nhut .25 on 
1/23/67) 

Precipitable Water - 3.38 cm. (080CL) 



a^ruort measured an echo heigr-t of 10,000 feet MSL. Bedm width is 
the ~ost like'.^ explanation for the difference in values. A ceries of 
radar photos illustrates the fire image on the RHI and c?I scopes 
the CPS-9 Weather Radar (Figure 27). The 9, COO foot top indicates ar 
effective temperature of 105°F. was achieved in. a small part ot t^e 
fire. Maximum height occurred at 1445 LST (TOT ♦ 40 minutes) ar.d 
coincides with the period of most intense burning activity, however, 
12 minutes later at 1457 LST the radar top had decreased to 8,000 feet 
a.-^d continued to decrease raptdly. as did the burning activity. 
PlfK ROSE III, AREA B. 4 April 1957 

Area "B" (Figure 13) was ignited at 1400 LST, April 4, 1967 uroer 
f airly good atmospheric conditions in spite of the cloud cover present 
ai; TOT. A low layer of clouds existed at 3,500 feet MSL, along wHn an 
Overcast of unmeasured height, but which was estimated to be 7,000 ^est 
MSL until after 1300 LST. This cloud cover prevented early evaporcticr 
of dew in the general target area. Although the relative humidity 
dropped to 51 percent at 1300 LST and was estimated to be 45 per-ent 
oz TOT, tr.ere was very little drying time available to prope-ly con- 
dition fuels. 

The upper-air streamline charts (Figures 28-33) from the per-cd 
March 31, 1967 through April 5, 1967 were typical of the end of the 
strong northeast monsoon and its subsequent breakdown prior to the off- 
set of the southwest monsoon. A low pressure center over northern 
Indo China was already apparent from the surface through the 850 milliba 
level, and accounted for the southwesterly flow over the soutlern haU 
3*' South Vietnam. This southwesterly flow was supported by ar,tic> : 
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DATE: 28 Jan 1967 TI!^: lU28 LST 
..AZIMiriH: 3^5^ 
HORIZONTAL SCALE: "5 Mi. 



DATE: 25 Jan 29^': TT 

o ^ >^ « ^ . . V '-. r r 

ELEVATIOIi: 

re:-:ar?:::: err o^r.ter - 



LATE: 26 Jan 196? TT.'-r-:: ll:.C L5:7 . 
3TC: Off SCALE. (?ri): 7^ mi . 



PULcE LETTG' 



: Lew 



KLEVATTON Ar:GLF : -2^ 



Figure 27.~C.?.:^.-9 veatht.T radar photograplis 
• . showiTv: echos of target area "A". 
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:i 25 Jan l'>-57 TIME: ihlO LST 
: Off SCALE (PPl) T5 • 
:E LETJGTH: Low ^ 

;at:'::: akgle: 2"^ 

^.•CS : Range rsar/.-jr it .?7 S"t. mi • 



DATE: . . •: 

ELE7A-:":; ; 

PE?!AFr:.^* A 



















I, ^ 3 

^ ' ^^ ' 


JSANDS OF FF 
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LATE: 28 Jan^l967 TIME: 1^*^*5 LST 

ZONTAL scale: 75 ni. 
r.XriAHiCS: Tors of echo at 9000 ft. 

Eicure 27. — Continued 



DATE: 26 J^iii TV^ 
STC : Of:* .^-'ALr. ''':TI ■' : 
PUL^^E :.E!:3T:{: Lov^ 

elevat:::: A:nL>:: 
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DA'^- 28 Jan 196? TIME: .lU55 LST DATE: 28 Jan^l967 TIME: lU^T LST 

<=TC- Off SCALE (PPI): 75 ai • AZIMUTH: 3 ii^^ 

;ULSE LENGTH: Long ' HORIZONTAL SCALE: "5 ^ 

ELEVATION ANGLE: 2 . q REMARKS: Tops of echo 8750 ft. 
REMAFI'IS: Range marker 3^2 /57 st. mi. 




DATE: 28 Jan 1967 TIME: 1503 LST 
STC: Off SCALE (PPl): 75 mi. 
PULSE LENGTH: Long^ 
ELE\'ATION ANGLE: 2 ^ 
REMARKS: Range marker 3^*2 /57 st. mi. 

Figure 27 .—Continued 



DATE; . 28 Jan 1967. TIME: 1512 LST 
STC:. Off SCALE (PPI): 75 mi. .. 
PULSE LENGTH: Long 
ELEVATION ANGLE: 2 ^ 
FEMARKS: Range marker 3^2 /5'7 st . mi. 
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^DAtI": " 23 Jan 1967 TIME : 
HCFIZCCTAL r.CALE: • 75 st , r:i 
AZlI'rJTH: 6hU ; j ^ . 

PE'iAHKS: Tops of echo at 5CC0 ft . , B-*-^ 



Figure 27 .—Continued 
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stredr.iine f]o^' rror a center located just cff the. South. Vietnanese' 
co:*::. wnich at tiiT.es during the period April l-i, 1967 was located as 
^ar east 3S the Fhillioines. The two flows cajs&d the developr.-eT.f of 
a ccn/.jrnence zo'^.e over the mainland intermittently during the pe'-i^J.. 
P.ecorced rain fell cnly on the 3rd of. April at 3ier. hoa . otr^.- 
rioisture was no-.ed other than fog at many staticr.s in.Scjtr V-et^a-, 
cr^ the -crnincs. of April 2, 4, and 5- Fog is of no surorise. since the 
.ter.:erature-dew coint spread was as low as 3-4^F.. at 0600 LSI. However 
::r.cre was no fog in the target area on the norrrin^ o*- April ^. C'cuds 
are apparent ir. Ni^ous II photo prior to TOT,. Figure. 3^. 

Flow at 700 millibars and above was generally .nor.theas:e''ly ,.;t'- 
f^e center of a fairly intense anticyclone located over Thai'ard, Burra 
and Laos, figure 35 shews the T.ay Ninh RAOB for Ci'OZ ;;2:0 LST). Va> 
Nirn is located about 10 miles south of the target and ca.'" :e ccn^'r^' 
as representative of the target area, this sounding indicate: a 
'vConvective Ccraensation Level) of 2,300 feet ancJ a.L-C ;'r-- 
A convf:Ctive te'^^perature of 99^F. was nearly acnieve-:3 fcetwe- i::":.^^': 
ISCO LST when the maximum temoerature ^us estv-^ateJ tc !^e . a: -^^ 
Ninh end probatiy rear 95^-**96^rV at TOT- (Figure if). " The r-^r-a- 
boost expecteo frorr. good combustion shoulu have beer, '-ore t^i- 
to establish a substantial convection column to 20 ,000 *eet or h:.:ner; 
After TOT a cumulus cloud over the fire area developed to e>t:^Q:d.: 
"[.V'.nt CT 50,000 feet. Therefore, we can rec sorer':, cci' .de t^^a: 
forest fuels and the incenaiarfes together d:c fc>r- 'interT.e e-o- : • ; . 
orovide an equivcler.t surface temperature boost of at leist :>-r^r. 

Compared to tcargets "C" and "A" the atmosr-hcre was r-cr-e jnsu::-': 
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iv: 7Ct;,cver tar'f^t "S". The Showa.lter Index over target "3" v^as 
^<; Ti^^ decrea^r-.to, •^C.jS at IfiOO LST ^«^^gjre 35). 
. • "^^'^^^^ sir* r the ccnvective colunr, oro-jrd ror;:*^, 
' -.^^Ic^/ '^i^-^'i'^i4c a ^'datively crobr;.burn occurred.. Clc-d ccve*^ 
■:;rr t'-^--.-. Vi'^.'G t a bi^ob?ble exola'^atior for r!>o?r fuel cond^tVcs 
'*e'i, l.fnq.pccr burn. Nichttine condensation oemitted the. p.c^-V 
..oj-jn fuels. -to absorb moisture which was not evacorated between 
:\':',]C:^'^ L:T--3 t"j":e when c^oud cover would normally be expected to 
orcrv^-Vt-^.. r.r ;i:prn log? at 1300 LST the tarqet was st^'l c^-erca.^t. 
~':'/jirt.'.w'ejt*'o." is '';ustrated by daily. weather observat^'ons at 31 en 
:i:^c N-j^r. from An^il 1967 (Figure 37 and Table 7). 

Ca'^sMdering the meteoroTogical conditions at TOT it would seem t'' 
srii^.:A.n' fue'i conditions, the energy developed in the. fire (due to 
ii^crbdsedVpensi ty 0^.. incendiaries) was enough to force the corvect"'on. 
colunr tt^rouoh the overcast layer at 7,000 feet to the irc where add"?: 
energy from the condeasation [process oermitted the continued growth 
3 cu-..ulus .cloud above the convection column from the fire. A cloud 
reaching the estimated height of 50,000 feet would probably cause 
prec'oTtation and could account for the standing water observed by the 
ground reconnaissance team the morning after the burn. 



TABLE 7. WEATHER OBSERVATIONS AT BIEN HOA m TAY NINH 
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Temp 


TN 


3H 


■ R. 
TN 


H. ?CPH 
dH TN SH 


Sky Condition 

TN. 


Stabillt' 
3H TN 3H 


*. Apr 67 


95 


90 


66 


•* 

72 


n 


** 

56 


350 


E30O/CP 


2 Apr 67 


99 


91 


* 

68 


70 


* ' 

37 


51 


40<D 


350 - 


2 Apr 67 


97 


91 


70 


72 


42 


54 


35<D 


30<D/^P 


4 Apr 67 


93 


90 


72 


*• 

75 


IT 


** 

62 • 


35QU0 


20OE70O/e ♦its . 


5. Apr 67 


93 


91 


72 


70 


51 


51 


300800/- e 


E250/aP - 



Cb$ ervat<ons at 1400 1ST except as indicated 
TIOO L5T; **imST; •«1i6oist ■ 
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APPENDIX 1 

lew ^oirt Deoressior as a Forecast: r.-i A^o 
for Pink Piose. Ocerations 
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■• ; was ab'e to te::jlate dew-odnt degression with ••e'-r-^t. 

' • ' : ' abet ? weei^s of data aooea'-s in Figure 38 'or 

' *^ '^:a:e^ erct '^aLtica^ '-'les horfwest o- 

•■' '-^^ •■:.■•■•■--<'?■•.%••*> res:-";.- see-- to 'e- 

■ ^- ^' • j'-?""-'e.'3l clobdi>ess a"d tc so-^e e>*.e't v- t- 
"•'*■"* ^ ■• • '^"^ that, Drecipi tatior occurred at "a.- N-r^ 

lower leve's (.under 4,oco ;'ee: ••'SL; and coo'^v t^e 
e.e ■ ,t . ?i.?-20,0C'C 'eet). These chances ■> at-osr^ieV-c str. - 
v. td-c- :".3ce sicw^y enouo^^ for trend forecasts to be -^ade sjs-.-' 
y J- cool advect-on a:cn and low-leveT moisture, which tbcet^^r ' 
ordj.vv.- to shower activity. For operational work simnar to that 
= Pink oose exDer^nents it would appear that such information could 
loful in planning ooerations. 
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. I8L0R JCB . jOOOOC 



M E M 0 K Y 



MAP 



:>YSTfcM, INCLUiJiNC IOCS 
FILL BtOCK ORIGIN 

^UMIttER OF FILCS • 



I. 
2. 



S.FttGU 



OBJECT PROGRAM 



12226 
12251 



u 


DECK 


-ENCODE- 


1227<* 


2. 


DECK 


-OECGDE' 


1247<. 


3. 


DECK 


-CHRfAB- 


12640 


4. 


OECK 


•CHR.I.NS- 


1274C 


5. 


0£Ck 


-STKING- 


13022 


6. 


SUBR 


•INSYFB- 


13102 


7. 


SUBK 


•OUSYFB- 


13141 


8w 


SUBR 


-POSTX - 


13172 


9.. 


SUOi^ 


•CUSTMT- • 


13311 


10. 


SUSR 


-FC5 


13321 


lU 


SU8R 


-F06 


13322 


12. 


SUBR 


-lOS • 


13323 




SUdR 


-Rwb 


13601 




SUBR 


"RhD • 


14213 


15. 


SUBR 


-ACV 


14721 


16. 


SUBR 


-HCV 


14751 


IT. 


SUBR 


-XCV 


15054 


18. 


SUBR 


•TMTARR- 


15072 


19, 


SUBR 


-FPT 


15243 


20. 


SUBR 


-XEM - • 


15631 


21. 


SUBR 


-XIT 


16042 



00000 THRU 12217 
12226 



12274 THRU lo043 



(• * INSERTIONS OR DELETIONS MAOE IN THIS DECK) 
INPUT • OvJTPuT bJFFERS 
UNUScD COKE 

OBJECT PKOGRAM IS BEING ENTEREO INTO STORAGE. 
EMOTt STATION INOEX 



77067 THRU. 
16044 THRU 



1111 1: 
.11062 



SIAGON, SOUTH VIETNAM 
i ^GRF3320KLZBIFQC'^ 

bGCTRANGf SOUTH VIETNAM 
:i2wURj3F320KLZBIFQCK 

NHATRANGt SOUTH VIETNAM 
ZFORRJGF320KLZBIFOCR 

.-i.tlKJt SOUTH vIlTNAM 
.' : .% T 3 2 -^N L Z i 4 F J C .< 



48900 
65044 

48913 
65089 

48877 
600YY 

<»3366 

1 11 7 7 




:?3 



TAVOY, BURMA 
R03LVNJKRC 




48106 
69004 


HANOALAY, BURMA 

CFRRkRHVNJKRC c^*""""^^ 




48042 
64016 


KENGTUNGf BURMA 
TFBQGFKVGJKRC 




48060 
64047 


VICTORIA POINT. BURMA 
rLQUJ3Ri3SFIVQJKRC 




48112 
69019 


SANdOWAY* BURMA 
2Fft3MRDVNJKRC 




48080 • 
64040 


THARRAWAOOY, BURMA 
2QJRRJR0WWVNJKRC 




48088 

64000 


6ASSEIN, BURMA i 
RV22IBVFJKRC 




48094% 
64065 


MINGALAOONf BURMA 
CFIRGRH3UVFJKRC 




48096 
64075 


AKYAB, BURMA 
TRRNVVJKRC 




480624 
64017 


SONGKHtAf THAILAND 
32GFZTRHZQIRKHWF 




48568 
60C07 


BAN DONf THAILAND 
RVWFF3ZQIRRHWF 




48551 
60090 


PHUKET AIRPORT, THAILAND 
SKZBTRQJI3SQJZQIRRHHF 




48565 
60007 


RANONG, THAILAND 
HJ3FGFZQIRRHWF 




4iJi532 
60018 


CHUMPHON, THAILAND 
ZUCKZSF3ZQIRRHNF 




48517 
6PDY9 


PRACHUAP KHIRIKHAN, THAILAND 
SRJZURKTSIZIJZTFRZQIRKHWF 




48500 
60044 


MAE SARIANG, THAILAND 
RC2BJRRIGFZQIRRHWF 




48325 
68001 


PHITSANULOK, THAILAND 
SIZ20FRHKT3Z0IRRHUF 




48378 


SATTAMIP, THAILAND 
R2QQCRSIZQIRRHWF 




• 48477 
660YY 


SURIN, THAILAND 
2JKFIZQIRRHWF 




48432 
66018 


SI THAMMAR AT, THAILAND 
2QIRZCCJRQRZQIRRHWF 




48552 
60010 



CHIAMGRAI* THAILAND 
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RTSl j3' JVCW3RI 



65000 



AVQQCKi<V3FRUVCW3.-^l J 




A8962 
6501 1 


KRAKORf CAHBOniA . - fc— — ! 
JTTRJ3KJVCW3R i 




65007 


Si EMREAP, CAMBODIA 
I2CdBJSRRUVCw3RI 




48966 
6507 y 


KOMP'i.^G CrtAM, CAMbfjOIA 
TC33SGFZJCRRUVCW3RI 




48995 
65CQ:> 


PHNOKPENHf CAMBODIA 
SFZC3BSZFRUVCW3RI 




48991 
65095 


PAKSE, LAOS 
STR32RH23 




4895^ 
65000 


LUANG PRABANG, LAOS 
KHFkSGRJRVGFRH23 




48930 
65048 


VIcNTIANEf LAOS 
LBIUFRIBFRH23 




48940 
65046 


SENO, LAOS 
B23FRH23 




48943 
65CQ6 


KHON-KAENf THAILAND 
T3Z-FRTFbZGIRRHWF 




48381 
68090 


UDORN, THAILAND 
K3feFJZQlRRHWF 




48354 
68060 


NAKHUN-SAWAOf THAILAND 
RFZ FF 32-ORWRZQ IRKHWF 




48400 
66044 


JBON» THAILAND 
VKF3Z0IRRHWF 




48407 
660Y4 


NAKHON-RATCHASIMA, THAILAND 
PTR3Z-FRJUQRZ12RCZQIRRHWF 




48431 
66098 


BANGKOK, THAILAND 
\/FRTGT3ZQIRRHi^F 




48455 
66000 


viElLESLEY, MALAYA ^ 
0M;iBHH2NaRCRHRN ^ 




4B602 
67014 


MALACCA, MALAYA ^S^-^ 

CHRURRURCRHRN 




48665^ 

67C07 


P£NANGf MALAYA 
:>SRFGFRCRHRN 




48601 
67094 


MCIKFILA, BURMA 
Ci SQTHi S/RJKRC 




48053 
640B0 


LA^iHi':* .:^JRMA -27- 




. 4S03^ • 



OANANGt SOUTH VIETNAM 
RHRFGF32QKLZBIFQCR 

HUE« SOUTH VIETNAM 
ZBK32dKtZBIFQCR 

QUI-NHON, SOUTH VIETNAM 
KA«IZFF332QKlZttIFQCR 

RACM-GIA, SOUTH VIETNAM 
R JZUGrRI 32QKLZBIFQCR 

BAOLOCf SOUTH VIETNAM 
RVH3U332QKLZBIFQCR 

OJiRINGf SOUTH VIETNAM 
WIEIJGF32QKLZBIFQCR 

OALATt SOUTH VIETNAM 
WHRQR32QKLZBIFQCR 

QUANGTRI, SOUTH VIETNAM 
KAFRQGIJ32QKLZBIFQCR 

BAN ME THUOT, SOUTH VIETNAM 
RVCFQBKZQ332QKLZBIFQCR 

BAG KAN» NORTH VIETNAM 
RVTUFR3FQJLZBIFQCR 

CAO BANG, NORTH VIETNAM 
U3RRVGF3FQJLZBIFQCR 

THANH HOA. NORTH VIETNAM 
ZQFRZZR33FQJLZBIFQCR 

MONCAY, NORTH VIETNAM 
3CUFNR3FQJLZBIFQCR 

THAI NGYEN, NORTH VIETNAM 
QRZFINGFB3FQJLZBIFQCR 

LANGSON, NORTH VIETNAM 
HFR2GF33FQJLZBIFQCR 



VINHf NORTH VIETNAM 
ILZF3FQJLZBIFQCR 

HANOI* N.IRTH VIETNAM 
ZFRI33FQJLZBIFQCR 

CHAPA, NORTH VIETNAM 
URZRS3FQJLZBIFQCR 

STUNGTRENG. CAMBODIA 
02FKQGBJG^RUVCW3RI 

SVAY RIENG, CAMBODIA 
2RLJNBIGFRUVCM 3RI 





48855 
6COQ0 

48852 
60010 

48870 
6004Y 

48907 
650Y4 

48884 
60060 

48883 
6C08G 

48881 
60090 

46851 
60090 

48875 
6000Y 

48810 
60049 

48808 
60004 

48840 
60046 

48838 
60008 

48i93l 
60098 

48830 
60048 

48845 
60006 

48820 
60041 

48802 
60014 

48972 
6501Y 

48998 
65C05 



KAMPOT, CAMBODIA 



-88- 



48985 




JU-RwGIRZQIRRHwF 

CHUNG MAI, THAILAND 
jIZfRCGiRZQI^- htaF 




6808<» 
680a 





. -89- 



